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SUMM(ARY OF ACTIVITIU
O)LD INJURY RESEARH ThAX

AW~Y M(EDICAL RESUARH LAW)kATORY
KOREA. 1951-52

* . 1. DIT1DWCTION

Wtith the onset of cold weather in Korea during the winter of

1950-51 the Medical Services of the Armed Forces of the United Nations

were not indoctrinated In the procedures for classification, treat-

ment and management of frostbite patients. The. etiological factors *

of frostbite formuzlated at this time were somewhat speculative in

nature with a great deal of emphasis being placed upon the terms *self-

inflictior" and Ocw~mand responsibility". Very little attention was

paid to the influence of existing weather conditions, logistical

support of the troops and especially the influence of intensity of

combat upon the Incidence of this type of injury.

On :I Novemher 1950 a treatment center for frostbite casualties

was establishei; In Osaka. Japans by the Surgeon of the Japan Logistical

Coiwand, United States Army. Between I December 1950 and 1 April 1951, -

4,216 cold injury casualties were admitted to this center for treatmont

and disposition. Due to existing circumstances only a lictited study

of the etioloGical, pathological, clinical and therapeutic nepects of

frostbite could be made. The report* of this. limited xtudy was

publiched oni 1 N~ovember 1951.

*Orr, K.D. eond D. C. Fadner. Cold injuries in Korea during winter of
1950-51. VMRL Special Report. I Nov. 1951. and Medicine Ll: 177, 1952.

4
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Because of the many provocative aspects to the problem of frost-

tits relative to et~itlogy, classification, pathophysiology and manage-

ment as given in this NoVember 1951 re-port, a cold inz4ury conferene was

hold at the Armcy Medical flesearck Laboratory' Fort Knox. Kentuc'iy. on

19-21 July 1951. The members of this conference were from the Fecical ..

Services of the Arcey, Na7.-y Air Force. National 1Researth Council.

Veterans Administration and civilian recearch groups. The discussion

and findings oý the conference- group resulted in a recoxwendation to

*the Surgeon General, United States Army, that a Cold In.*ur7 ?esearch

Team be orrgaized and sent to the Far East goa=and. United States ArtW.

for tte winter 1951-52 to assist. in the recognition. t~reatmuent. study

and disp'ezitlon of froetbite casualties. In ordzr to facilitate the

.ý.chievement or tiheme objectives it. was surxested that anl cold i.n.%rles
-te ospitalized at one center in Ko~r wI. fuite vcatnt

sinlar special treat.ment center in Jzpan. It. was further reco~ended

i~ha. the activities of the proposed Coldt Iý.,ury lesearch Te= be di-

Mected -to the following:

1) Information

The tl!'-M should provide to the Miedical Zer.;ices of -

the Far East Co~ma=d tke laL-1st information rLarding

dia!7osis, evacuation. treav:,nit, disijosition i

utilizat~ion ot cold Lin.tred pertvnnel derived fr=m

current studies of frostb'ite:. Tlhe rezeaz-ch trvup-

31101ld verve also ais consultaLnts to the Th~eater mid

Ar-iy ~rg-.eon= on ma~tters pert-ining to coldLt n~urles.

J .tir5a~o! ozd It1ise~3 vr
- .-..- 9.ntoCC

.5 . l

,~.24,
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United Kate* regixont and battalion 0o that a Cm.-

VU"t set of utetorlolja'il dots couald be Obt~ined

as Close to the scene of cold "r tied casa©slties os

psil..This data Omldbte %sdfreautn

the iscidence Of frostbite in relatiofl to the per-V
forsance of the mn.t; the inividual soldier and his

.prteetive clothin,. The data" cosd also be useful In

eraluating the perfoiaziCe or anl ceoobt eq~dpmet and,

"if, the plannine of tocmblt. 3isulons vith respect to

duration of the mission ,'. •d i of protective clothing

reeded (Si. Cold InJury Code Sheoto Appendix I).

3) 9POR-0t1K.. a Clo.thlT^11 nt. n ril'

A rpresfentative of the Coartertalter Corps Should

* I mae detailed studies regardingt

5 i. ,. a) Stat.us of the P' ,)didLl cold Weather clothins

and told u..ather eqipiment of the United State*

infentry divis!ons is of 20 t•l!aober 1951.

b) Status of the cold weather training in t:'0

Ei&hth &rq a3 of 1 Dcember )951.

C) Status of cold we-ther clothing and oquipleit

its usAlge ?Ml deficiencies. for each frostbite

casualty.,

4) General deficien•Cie of the cold weather clott-ig

and equip'ent used by personnel of the Eighth

Army during the winter 100n~hl of 1951 52 (See

Basic (jzarterma•ter pe5tioLrmtitr for Cold

• i 

+a
lI
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Ijry Ciwualtles and Clothing List for Cold

Inuycasualties3. Apedi )

An attmpt. stAuld be made to devise a Suitable

screetin prg~ for the selection or elimination of

highly smseeptibloo avor&~e susceptitlel ad resistant

indiiduls oroma duty incold e...---. There-

* ~fore, a study (Pre-EL4 ~out6) should to NM*d Of soldiers

*.m cOtt diiin "d indivduas passing throughb

.... , .0 foiioii 1eplaceeCt~ Depots reearding place of birth#

darit'.2 o peviou *.;*suretow various cliatesv~ rates

intalli~er.Cc tterel. co**tuttonal factors sucl. as

b Ayt~li, em~otional meatiotr. sopsychological, and,

jS q i l o i a m a c i o n ? ~ L t 0 "1 f$ e e - 1 hp o t r e Q O a e s t i o n t 'a i r o ,

* I Az.*.t 1). Thtse studies ohould be ma~d ,%rior Ua the

J. uldlert' entry Into combabm and with oult~eqwent exuai-

* ... 
nati ons &4r~i'f A Mt After tf~s cold gOssofi.

* I S 
This Pta,. of inveStilatic". ?.hould Smak an assote nft.

* 
. of t ." relative si oJf!. ,cN*C of th k rulti rl e factors

c onri zuti rt.; to coIJ Injury. 7..' 1 ssetc -r't ýn'tasld or

and deacet of cota~t aIctivity w~hich exite'td at. tim, of

- 1 c~ ~cur- t of fm;LbItT witlin L" fmafle tot-tot w i.1tse

EI.e. 
plat*OesS or ew'%ni 'For a coflt.O. gms!t' of

U ~to tise Zel 0At %.t.O re to %.he :i..c* e~rvrowitentacl
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S• air,.s In Ume. Voorat•cal location'ad activity""
as the frostbite patients. Additinal data should be

• ~eo2setetd regringJ troop strength by units,. composition
Sby ranks rue AM Incidence of battle ca-- altie8, n-,

•. battle cas~ualties (accidents) and tootal diseases. -

6) Cllnic11 dMal~tIon

efrate co ump. sive mrds should be maintained

.a all cold Injury cases. 7pase reports should iclude

data concerning the etiological tractors" and clinvln/8 , • •
eatures ot each Individual frostbite patient d oe Cold

Inju • ry Code Sh oot s Appendix 1). From these records an

/evalustimn should be •si-ds of such factors " duration

_ _Ttidn;vt Iep~ otert• fhil•o
ofttexcasuartes typcocidtents)no rt and toamieaseo.

f rostbite wunds. A therapeoutr evsld bation also

e vll besld r of the efsicacy of hepartns ho•lrin-clude

dlconol-procaini rute etpriolscalne, hfxatetaondlu

feand s ofpathetch Ciandid blocks in the treatient of Cold

frc~t1%1I wo. •

?be tua dyT should be a c uhposite one by the

o psychartelst clonical pfycWoloe i.re and psychiatric

social worker. The study should# In generals include

personal/tZ patterns of personnel subject to cold ..

I/njury dwrLn4 coubet. evi dece of self-inflicted ::
cold lnwrins when suspected and the r at re aln

Sextent of b ntellde tuhl ffictors a n the ethoepar of

t 1 - a
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• Uss asr. The C1d so sh i $el, dncue the

S evaluation of nonfrostbitten POTSrd"I~ for thom

,, pOW'" of scontroll" matching, o uing the 64101

prG;r~ sths se nthe epidemilolgical\
/ 

,

studyr of cold in.Nres 1S" Psycinatri oe Me•et.,••

, XAppendix z).

A stUdy and eVAluatIOn Cf selected biolsy and

"- mVttlon material with particular emphasis on

"Changes that mi*i be present in blood vessei.-

nmeres, bones, muscles and skin due to inJur by

e*lU should be made. A compreohensive betterio-

logical survey should be Pade of frostbite lesiors.-

Studies should be ua.o through the various r
staCes of the clinical course of frostbit~e in--..ev

eluding ta: e postfvetbite syy • regarding.

the vascular response# skin temperaturet response

w•d sweet rates. This study als shul Include

detailed observations on selected patients with

healed frostbite lesions wt-en subje.ted to

cold stress at periodic Inte:rol. Otservatio~ns

should to m•'e4 on the alteration~s of reonses

of these patients to cold stress uhev si.p:.thetjC

"blocks, priscoltne-'nd hre~xethoniu are used.

Observationn shotild be mze on cold Injuiry CAsWL

o - -
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relative to their nutritional statu calorie

Intake5 and ascorbic acid l.wls at tim e: cold

I" ury and at periodic intervale'thweafter."

Ascorbic acid leels also should be determd-ined

an combat Infantrymen who had not lazursd a cold

n) peto
Cold hmnagglutinin detervinations should be '.

performed on the fo•lowirn Croups of saldiersi

frostbite patients, nonfrostbitten Int""ntrycez
" v~~~ho had been In combat durilng the wi~nter 11nh%•.

Infantrymen in the forward Korean Rplacut
Conters and soldiers srrivir4 :In the Pear East "'

from the Zone o~r Interior. The SmieJence of .

sickling trait should be determined onog Um

Negro frostbite casualties.-
: ~~~~12) Boh•• l:

In addition to the perforance of routine

laboratory procodures on tho cold injury atents
there also should be a study of serm proteins,

Cfibrinogen levels, profein content of v*esiular

fluid and the sodium and pot"alun levels of

Sblood and vesicular fluids.

lie co. PtO AND GZMMAL ACIVITIFS OFTh 1 CQ-CM I4-PI)f

C A. Cooposition

Coerandin, Ofricor - Kenneth D. Orr, Lt. Col., M, USA

* to
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-opii ba bee so asd o h tpt to cl nuis

hoptatl30 beshad be en deinae asid o the traaa fCold Injurise

Cente for tomerby 2Otrthe SpnumEghhermy of theoenfere.c

watis hosp ithl thae~ KirorntEigtar an 28 October 1951 hi

at wbieh time be recttmnded that, due to anticipated ropid

evacuation fma fiviston, radcical Installations and the close

proxnimity of aabils arrV sur~ical hospitals (HASHI)# all ape-

eific therap., be stae.t4 at the W.SH level with the baees of

operation for the tao fori-%rd m-lical obscrvers at this *-

* levl. T01ovWng this vorfar,-nee (29 Oct. 1951)a letter was

* ~prerared rt-luesttirg pez¶isBsion from the EiCtith Axty Ga.aeral

Staff to estALlish. eq~ip and =~Intain wrathor stations In

*all Uinited S~tats battalion and r*Z~nt~ntel c*-:--,nd ponte.

Permission to est~blish vasthor stations finally was granted

by Eighth Arc7 Headquarters on it Nfovember 1951. From 5 go-

vuber to 22 Itovetber certr~in personnel of the Korctn Section

aSis15ed In a procq-ersure rurvey arong the Infantrymen of

the 3rd and 25tth Znr.,ntry Divisions.

1he Cold InJ~ry Centir in Kiraa wais ýclsd n K.'h 1952

ard the psirt,3nel of this Ccntar zntu-rcd to 0st.ka, Japa., on

C '~25 &!arch 1952. Optra t-on o! th.3 Cold Injury Centers Otaika

A I ospiita1 £eeauti n 20 April 1952. 1~vc?-:ent of the Cold
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The clinical Infomintion derived fme this stoty of frostbite ,

West. Of necessitY. confined to. the rolatively late stages of the in"*u7 'Jt

The original plan of study had eVM~hized the initiation of treatment

and the obtaining of clinical and physiological observations etdi~ately ::**
after Injury. Aqtually. delvqys In evaccation pravvnted observations ,

or treatment from bei'g Initiated an the entire CrocP of frostbite

casualties until an aver&&* of 12D hours after Injury* In a select

group of 108 patientp.\wbere-. a &.,liberate atten~pt in* wuAe to exelude

thats easeq uith older in'.aNz 03, there Wtil w~s a npase of an averac

of 43 hours between cep~a~tion of the cold ex.-otrar "n arrival of the

casualty at. the fort=4r nabile aux,-teal1 heapit-A thers treat--nt, and L

*clinical obaUvvCU07o12 could ba started. Zn Ol~e~~a *p!9 rF.M physio-

logical Yo~snewre fA~rthcr dvelrned tro-t =4 to 1.1 hours as a

result of trimafererirS the patient ten the forward hospital to the

-. Cold !njur/ Center at Tee~u# goeos. These deloys In initiating

treatuent and studies during the earl.* phase of the Injury var* doe to

the fol.lowing factarS:

* 1) The casualty often failed to report to a medical Instal.-

0 lotion izzmedately after Injury. Many times frostbite L7

lesions were not discovered until the time of' a foot

iner~ection by the squad leaders plAtco-n cvL'n- %terv cri-.

-Pan al(e?.z or tattalion vur~ccn. In a (cv unmit-, the

cocLidJ~gofficer attr.ý;jtinz to s~tihis cold.



A\ t. of dis ii.. 7 ac io. ?Id ap ro c causedthos

i'•____"___"_"_. 
__._-_.._-"-' 

• :.:

*. - I \ 

. :::

. •, . •os to V • stui regraw % 1.9. to be concealed or 
, "S-- • suppressed either 1W the pai ent t •ael , his Ip•laica'n. 

,

,,oso -- his unt u

t haw of pvauaction 
(b•talion 

iap stationto 
the cold

Ijuri Center) 
despite 

orders 
to 

bwr e neold 
onjur-patie iths P ttly. In oy one f.sce, at a time when

Sr 
lt, w. .evainciden 

of 
frostbiteth ne.

S •'t i ),lss prmp • t ra a~ttl . •,e on alo g ,. •' 5.i 
•

patientsfI lacuation to( orbattalion a 14 station * 2o teodI& hours aftc T injury srr ders tonU raoae Cold I•njury

"ter- 6t w n"mrs lateplnsrr.

*eaer 
at times preventatai 

r evpcration 
oftb* anul tretM11Vent

i, : - •,) • ril 1a activits 'b the en 0=7 t .tr ¢en the forwurd area.. 
% -.'5.

• .
.: 

-:

" t• hie trestrtent 
thter prvenated tt e operation of 2M -to

Ism' 
and hospital.'.&rainy 

a urine n the [ url of dCo kness.

,nt er c t o Z h o u r s l e e . "

*~~~r co 3)' eaier t n t dine ret-d air locating ohe ape-

cW eneclold sejr t&fo m the ~e foweard hospitals -lctionth

of thetenter 
e winte f selected cn 

thetAr4 2rton, was 
a vitei upon the efom' facters o a,,a

c 14

r....>" t Best Avarlable 
Cofy.e

° 
an " hs 

% 

""t

(N, <:• 
• " ' -Thiaus dad lt otl ," • o• ho < -e ne " "s cua" 

<' i .
"-• U 

•"::

.. .. .e.. .e.t .. .... ld.h. . teen ,d~ e , .. . . ..izi .e :,a: pe- .. ,.
• •-•;% '-'-'--@-'. • • .j.. .-;ui -;tc .'lo ' :-;:: -::g wA ,"l a'.,"-.:: bc:i..., . L.. ocat.' ion-.: .; .. . ..: .... : . -



, .. . . . . - " ' ' - ." . "v . - ' : " ,

* - -,...~~~.---,.-.. ,. ,' -". '
• ... 9 ,. |.,, . ,.

<eA

, .. .. j . .". ::,,:

"1) Security from enemy action in the event of retrograde 1%

2) Equal accessibility from alU forward medical Inst-alla-

tions fromz the starndpoint Of terrain.

) nTiml distance of evacuation.

3.) Availability of adequate hospital facilities in relation

to priority of type of casualty.

5) A nearby airstrip capable of receiving and dispatching

to Japan the larger type evacuation aircraft (C-50-)o

The first cases of frostbite occurred on 22 lovember 1951

In the 17th Infantry Regizent, 7th .Infantry Division. The last case

af frostbitft occurred on 19 March 1952. ,

The num.ber of cases a&-•AtteS to the Cold Injury Center in Korea
-.-....

from- 23 ,November 1951 to 23 Varch 1952 rares

Frostbite. confirmed case:, United States troops * . 716

OFrostbite. con'irmed cases. United N,-tion troops . . 8*

U-•eLess than tirst de-ree frostbite or previously. cold '*"

injured.........*.. *....i

Total ..... • . ...... .. - 955

"*United Nation case: refefs to frostbite .amnp Ethiopiar. Colombians ".

Thailand and Philippine troops.

"-.'I.C.C. s•,eotes "ill Clasatfiel Conlition of the Fert*'-'nirested by
.•er.hi i.• .. ceration, r.ial denu dation oF the Vole of the
loot, e--y~than and pain.

.. it nt of sfficiet deo

S-4-Patients who hail a cold exp.•4re . not. o- r, fticient d",ree t•o
brine about tissue chn.es !r-el..ti',e of first det7ree it•ury. Pre-
viously cold in'ur,ýd refer-, to t!.*oe p:at.lerts who hal% I-a a frost-
bte prior to the winiter of 5llt)!-52 and now co--plained of cold,
typerildrotic feet.

15
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* The number of frostb~ite cases admitted to the Cold Injury Center

In Osaka ArzW Hospital ftom 25 2:ove-ber 1951 to-26 Karch 1952 wore:

First degree 0

Sec9ond degree 271.

000tarth degree 32

I.COC.

lotal. ~

The d13tribtition of t~e 716 confirood cuses of frostbite. waong

United States troops by idej-e-e or severity vas:

First. dezre 279 (39.0%)

See-.rA de&-oco 261 (36.4%) .'

Fcrth ?-cge 33 ( 4.6'9)

Throzhcxut thi, crer±t of st=4 of fro.-tbits chring the wintow1

of 1951-52 UndtO4 ZEtIts e7 -.4 rn rroa uzed as coritrels in diffarý.iit

phaFze5s of thij lnifas tiglcmi. Tho d-4--tritution of the control subjects

whijo *zre ex;z-jnad t7 twcr*z-rs effthý, C.-ld Injiary M-soorch TuaM was as -

followss

Pze~o -0 brvey (Xorea) .1,628

Epiderdolosical. Ss~rryc (oreal)

* ~ ~ ~ Botgeear and ?hIea Su~~a~o .rvey (Korea) 350

* Fayehdatric Survey (JApa and 'Korea)

* c:~ yn i - O r -', 3 s cf fcirt~h &j~7ca frostbito wrreS trsn a-

terred to 'Ae Zone af LntW-or for defir4tive caurzPIy e~nd dln~3oitton. .*

C - CW
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oldP=h'C~utinin urve

Reld Pandi~Uil Recration

Center (Japan) 14t257

Camp Drakce (Japan) 1.277

i6scortbic meid Survey .7

West end pecreation 110
Center (Japan) 17

( Camp Drake (Japan)52

foot swieat Dotercinatiofl (Japan) 25

Foot. Sweat. Determination (Fort IKnoyc) 216

Cold Stress SurveY (Japan)

Total ?Iumbor of Subjects1.24

* otc1 of.ara soldiers including coldin'uycsate

and control sub.~ects used- in this study wi lk,219.

IV. =7 T

Speciic dtail ardriirtterialst sub'ectso LetýQ(! and

analetIcal risuli.5 of each sawdy mna' be found in the apeddsections

(I tý.ougih Xv). Tne pertinent findings derived fron eachi stud-j is

giicfl beloy.

A. Disde!ainatiafl of informsationl

This aspect of the prq(rram Vi'S active t1.rcUd~mt Ohe winter

months at 1951-52. Lecture:, and conterccre ,o jeer hold In

Xorea at regional maedical m~eetingfs and at vartiss modiegl

installations such a* medicnl companies. clearing platoons.

msobile surgical I.o%3pitrols and evacuation' Lorpit51s. Th,

Majorit7 Of m'.ic"11 Oricara stat.ioned in K~orea were visite~d

periodically eitther 1.y the v-pidermio1ogiztt the Forward

%7.



.a . . . .

?Uda Obeves th 0eerlgfeteQuomse op

ateddb mjrt ftetmeodoical tffier Q artustper Corp ..

the Japan Logistical Coammand. Timely information regarding

cold injuries, its management and prevention was distributed

to anl medical officers coicearned by the following puaigý&Vt7-
7' 4

1) The Surgeons Circular Letter. FA.E.. October 1951.

2) Infcriaatlon Bulletins NO. 36s 39,P k2. Office of the
Surgeons Hcadquarters, IlISAK..,

3) Directives froc: Suargeon, E2iSX& 18 January 1952 an
"Early Management of Cold Injuries".

B. A Vctcorological Dvaluation, YKorec'. 1951-52 (S-e Secetion 1) V

On Ul Novcnber 1951 Eighth Army Headiquarters ~directed the

United States rc_;i!.ents and bzitttaions to PrCvide the am.-

poweir requited for the meteorologiezal progrtm. This pormI

requircd obcervations of tx.~a;:rsture# hua--idity, wind speed,.

wahrand giound mirfrce cond'itions, every 3 hours at regi- ~ -. j L

mental level (atiot 1.0 man-mita-i~tes per 24 hours) and obser-

vations of temperature And grou~nd conditions at battalitm

level eey6hours (8 man-minutes per 24. hours).

The Team Meteorologist trained the appzointed personnel in -

the technique of obtaining anti recording the zv'emrologicAl,

data ,.nd the local application of these datat. A wtmther kit

containing instr..-.,nts# it.stnctions and dat~a for-ta web

issued to each United States battalion and re~iznt in Korea.

% %

MEN. 
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*ions an.d regiments of the Army .... . . . . t
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master Corps •bserver vstdall United States corp~s, divi-'"

" ~~sions and regirents of the Eighth Amy7 and interdteved their

quartermaster and supply personnel regarding the status of

cold weather clothing and equipment within the unit. The ....

Observer also Intervietwed 350 frostbite patients and obtained

from each case a o•oplete list of clothing worn at timý of
* :•nWJuo. Particular attention was paid to deficiencies in

I availability, use and construction of each item.

. . From the surveys and interviews certain conclusions were

. ,,reached. The supply of winter clothing was adequate and very

* effectively handled at all echeloni of cupply. With few ex-
, ceptlons the nocs4ss7 cold weather clothis. w avas lble in

sufficient ti:" to provide the troopa protection e.-a& t the

*Korean& envirozrxrnt. Zi- vtt-codd uniform issued to United

States troopts In rY>ra for the winter of 1951-52, in most

cases, pro'id.d r2zAe. Jr.s,'totlon arA pnutection aý,inst

. the root saycra envir.):nt-al core.otie-.n cx .erientcd. The

". ahcecoprc provi•d er,.tor protecticn to trocps in the rme.r

or nono.-bat cre- th-m did the lztlher co:.bt best. The

in.4ulated rubb-r c b.:At b u -,a found to be tho wst suit-

able bootgear for w.t-cc2d eonlitio.=. -the inaulated boot was
*,. Iprobably directly respor.siblo for a reduction in the incidence

of frortbite of the fe.it uustalnrd by United States soldiers

in .ýorca , thi winter or 151-52. oi tri&, er finger

" . " .nittens pr'74ed the rctt protect!on aenirznt cold injury but

* did not provie:d t.Aýfactot7 dCre-e of d4,\terity, th,!rof6re,_

'cre ofton'r'..cnrd. Th- wct-Co24 tralrLnc - roj;ram, wrintlr

20
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• " 1951-52, was superior to that of l -5l. "

1 D. Pre-cpasure Dvey of Combat Troops, Koreas 1951-52• ' "(See 3e,.on MI).

A total of 1,628 front-line Infntrymen were studied during

the period 8 l:ovenber 1951 to I February 1952. A• additional

120 hospitalized frostbite patients were interviewed.

a.The population represented by the pro-exposure questionnaire

.•, reflected a random sampling of tMe Eith Arc' In so far as the

* distribution tetween WMUh.itA ar.d flegroes was concerned. The

distribution of this group by climatolotical region of origin

idid not differ .rcn that of the epidemiological control group.

'This' psiritted combinntion of those twe groups for statistical

* evaluation or cli-tological origin.

Only tv. of the 1,62t3 infntrymcn eventually becane ftaontbit

.carual ties. Consqc'.-'ztl;. no nnalysis of tOm pro-e~qo-ure data

* i.s ntte!.pt.'4 in tre-. t* e-Ain~at* rs~t4V1 fc,.-Orit of consti-

* . tutlornp! *us.'*;'tibi1liy to --,Id in,¶117.

.. ;,,d'd,..•olery of T:'..ttiAto, Ioroea. 19,1-52 (r.e S:t1ton IV)

A An ct,'I•10oCL:C.,l St',-. of the re-la'olaship oF cold tra•uma

to the oo-.at -o,.i.r in . -ea d-rig 1951-52 dealt with

1,04!. ca-'s of cold lnhtir. Data on 716 cases at' frostbite

and 0.55 "'burer-c.ste- controls w-!re analyzed. In addition.

solnct.ed data on 1.623 pre-exx-ov-re controls were utillzed.

Relatively UJrh linear correlations of frostbite; i,'!1denc*

*' "with daily ave.e c ten4,.ratire, dailly minL.t= te..•erature and

*daily avern~s Wxr~i7i1l w4bro obttiirod. .3~ration of data,

"accordlng I o inli.-ý y of cacvt r••'..Att', ,•1rly teliAble

prodictic. , to to e:.1culat.. ,.o.h ,.pltcahle only

21
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c,. sange onle 77 carried ths extra root ren, whereas or 2e1 - - .

; " ~controls in sinilar situations 92% carried extra footwear. ,."

, - ' nadequate insole change contributed s"�sifileaznt1.y to frost-

",. h~bteo iLncdenec in troops Wearin8 iteo cs " .

I£ signifi cant excess of cases .ith frosthitteni ).nds wore "

* • either no handgear or incomplete glove ensembles at time of *...

3,%

Previous cold injury indicated a predisposition to frost-,
bite. The attack rate fdr soldiers not previously cold

*' injured was 2.6 per 1,000 €onpared to 5.0 per 1,000 for

* soldiers previously cold injurea.

Collateral significant evidence was demnstrated which

strengthened the impressions from the ne~rropsyehiatrie study

that the frostbite case tended to be a passive, negativistic.

hypochondrincal individual. This evidence Incuded the

factors of less r.rncular activity in situations permitting

greater tetivity. relative inattention to carrying extra

• footwear and less s-.oking.

The egro was piovwi to be at greater risk of attack by .

frostbite (six ti•en•) when all cnviroe-.'ntal conditions were

equelized. At the regrnentel level his rite was 35.9 per

1,000 as :oipared to 5.8 per 1,000 for th6 Whito soldier.

Nerroe, hMd -,.ore 3evere degrees of frostblte than did t-he

SWhites.

ITe clLitc rvý;ior. of oririn of t.e soldier was sh•wn to

be a hir),ly c-VII;-fIcant fa.tor ,a.•,n t troopi in th•e

in.dcince of frost~ite. Oriir. fro .r: cll:xites of tVec

23
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Vnit*4 States (or Rawaii and Ferto Rico) in~dicated a pro-

disposition to frostbit... There was more evidence for

aeomstanization rather than accliaititation as an esplanatiam t
for this differmne

F. CIJ0ka1ZEvalulation (S1toSection T)

A total of 716 confirmed cases of frostbite woes evaluated

wtht respect to possible contributing factom. anatomical

site. severity of inj3ury and therapy. A coimparison of the

* . ~Inideince figures for 1950-51 with those for 1951-52 revrealed

the tbeact that there was amared redictionIn the severity

P of cold in~juries for the latter period. Possible factors

* conltributing to the decreased Incidence are dimscsed In

* . S~e~itsen~tions.

1hi~ efficacy of the therapecutic re&inen was inversely P

*. .rel.-ýtsl to the m-Oclt of time *Up.sing betvpcn the oceurrbnce-,.6

at L~v in.4ury end the Imitiation of trottrent ('Pre-evacustion

per.oin.'). %Ivar the pre-evacuation period excceeded 40 hors

Wfte aiz~rcs In Ac'r1tnr, rates e~dsted betwoen the specific

and w rntlve therapy grcups. The umerA n enth of the pro-.

ivacnastion period of 716.cases was 102 hours w.hile the corre-

s poninfg mmvaluae for 101 cases selectid for the"rftetIc

-eý&aUation was 53 hours. These delay's were usu¶all1y due to

taibire of the ca~ueilty to report promtl~~y to his unit sur-

- .A Rost oti.,cctiva ctiti~rla ezp1oyred to aerss: the ielative
1- rt..e oftefc arttý

frr...e o to ~tor* c~iu~n to frostbite wer-e the7

tL're rrz~±red for dr,,ng of the we~iices nui. Vol til.e for

24



•H ... . ... =....o•

AS .5

• •... • • . ..- . ,,

"" ..--. .---- _--.,-.,$

. , . : . , . . h e a l iga o r t h l e s i o n s .: , - . . ..

S,' •J',4 d1"7int tift Of vesicles and the healing of frostbi " 4A•.

Ues•k vet's dependent upon the defems orfnar*I that. .

S~~~fint and seoend derems 1es1ong which were of approximate• '.-

the aw ardeor reqr~red less time than did third degree ":

S' • /•1.•11Ijuries The clini~cal cour-se ot the Inul.- esrq.wats no •lt_• in•..;.

V.%

eaned bo the slesooss exept in second

S";;£: L"degmre where th hetalng ti~d for han cases %%s Wwror~r,'.".

: ~~than for feet. : ' "
.7 'h* drying time of veuicles and the healing of the frost-bie

lte lesions were not depen dent upon te e rce e or thy patient. E

Ciod exaonsre periods over 8 d ee rs wh aeih the vesocularly

drTreg sne of second letroe thand droldnget te hegel-

engof tohe ad ieems lrostbite 'of the feet. ?be heealeting ofe .

frst and trird degree frohtbite of th feet sAnd aba lesions --e

of thto han d towever, wzs not prfeeont.d I• longer periods

;,. ~of v:qo-nre. "
The vesicular drring ne oa es aodte n eases of thfird "

detrle frostbiwte rentar.dpd a roo n t h.eracers as eomparedte

to s-•lar lesions reear-ied by ove ring exporr re to an openiu,

iri or by m-.ossae. Thd degree lesions a of the feete he-

warmed At roo" tem-perature took 1eS3 tLme to heal than did €

eqa.iv-mlent in.tries whore rewarzing was Accoplished by ..
i.s ofiseco-asdcra or trposire to an open fire. The healing

offirst Pnd t2ArdI dr:cree fronttite of thei feet atnd allbel:g

of the hands, t~waa r, sot. pdvrobou ffvtd by MVce onerdof ezotre.

*L,,L mohaf'v-arig

fir.or b masa•e Thid dgreelesins f th feere

yarn at ror too ls II to heIl tn diIII I IIW

IIp
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theryng thme oefi veicle wcaspoloanter injr caeede or seonrs

degree frostbite. The factor of delay in evacuation a" pro- I -

longed the healing of first degree frostbite of the feet.

Healing of second and third degree frostbite of the feet and
a ;esions of the hands was not affected btr this factor. . '•

MTw dryri tim of vesicles I cond and third degree frost-.

. it-o. the feet was increased when tA injury was Incurred In

leather boots as couared to alailar cases wearing shoepacs -'

or insulated rubber boots. The healine tine for first, second "" .

and third degree frostbite was meat-ir in those cases wearing .

leather boots as compared with patients havLig sir1lar degrees

o of iti.ury but equippe~d wtdth shoepacs or invulattd boots.

" The type of hard4&ear (or cbsence thereor) 1rn at time of

injury did not alter the dri.C tL-e of ve-5cles or the heal-

ineg rate of frostbite lorlone of t1e hands. ,

Ulongor vesicular drying time for second decree frosttite

occurred when the preinjired extremity was wet. 7he healing

of frosttite of the hands or feet was not lnf2uened by t.e

.factor of wetness or dry'ness at time of Injury.

In th•se evaluations the differences in healing times, as

- small as they c" appear. could assue very significant pro-

portions In t~irms of manpower loss and hospital cost wh9en .

rioltiplied by ;-undreds of cases.
Sc .- 0. Tres nt -ond Degree Frostbite Ulcerations by Skin

G Trs- t of C '-

* .* The slwrt.of heAling of third de:rceo frostbite ulcers

of the toes Is respornsible for a lar.4e portion of the time ,

26
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tion and erythems was significantl~y higher among men vunaing

the Insulated boot than In those wearing the shoopac or the

* leather combat boot. Significantly higher Ificidence of * I
epidermop1hytois and erythema persisted even when the lanu-

lated boot had been replaced by the leather combat boot a

few days prior to examination. 6.

rhe findings of the study eullssted that careful attention L
to toot lygiene, daily sock ehange, avoidance of. prolonged

uninterrupted wearing of the boot and use of the boot under

warm weather conditions are essential principles in the

eptimal performance of the insulated rubber cewat boot. ."'e

Disregard of these principles may lead to a temporarily

Incapacitating foot syndrome consisting of varying degrees .

of tenderness and pain, erythe~l, hvper.-drosIs and macera-

tion. Fungu infection may be superlzlosed or may occur in

increased incidence as an additional finding.

I. A Stouy of the Personality Traits of Frostbite Casualties
(See Section VIII)

Sp•sychiatric-psycnological study of frostbite was performed

Iutilizing 51 patients who had incurred frostbite. Tro control

groups were concurrently studied, using siIlar procedures.

One control group consisted of 20 soldiers hospitalized witb

combat incurred ourds, the other consisted of 51 healthy

soldiers without any injuries but actively engaged in combat.

A21 the subjects were White soldiers except for 25 tNegr•

soldiers in the frostbite group. The frostbJta group and the

con' it wounded group were studied by means of a social histry7

126
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Interavi a psychiatric interview and a battery of pa-.

cboloelcal tit- InluuJ' IM the W.-fihler-Bellevue Intelli-

* a'enco Scale, part of the Thematic Apperception Test, the

N irwota Multiphasic Personality Inventory, a Sentence

Completion Test and the Rorschach Test. The healthy combat

soldiers were given the p3'chologidal tests, bot were not

seen for the social history or psychiatric interrviw.

Coc•paiso. made among the three groups of subjects ind~cated

-. that frostbite patients tended to have constelations of

personality traits approx-..itfing those usually psychiatrically .

diagrroea and classified as L2%aturity Re3ction ana Schizoid

Prsonalities.

12w White frostbite patietts utilized fewer precautions

against frostbite than di.d the nospital controls. The hospital

controls as a group gave evidence of a strong drive for such

attributes as prestige, achievement and dominance which lead

to respect or admiration from others. By contrast the frost-

-. bite group shoved :w ore -!rgle doinrating drives indicating

" either their greater heterogereity in this respect or a gsn-

oral asthenian in the drive mechanism.

"**en compared with eobat controls the frostbite group

sh•o a higher averae score on the Rorschach factor labeled

rAegatlv!im. Also, the frostbite group score, higher -than did

the combat controls on the hypochordriasis scale of the

Kinnezota tultiphasic Personality Inventory.

From the statistically significant results obtained in this

astudy o s can draw a tentative picture of a "coldI-injury per-,

* •29
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J. A Bacteriological *bcologieal &An Pathological Evaluation
of Frostbite (See Se',tion IX) *

1he stud of frostbite from a bacteriological, s~cological

=d pathological standpoint was confined to 106 cases who had

been selected for- a therapeutic evaluation.

Florty-nine percent of the cultures obtained from frostbite

lesioni were positive. Twelve types of bacteria, coconey

* found In the gastrointestinal tract, on skin and in the soul,

wese identified. No geven bacterium was characteristic of!

frostbite lesions nor could a:7 be related to :everity of the

* npjur. Tne bactria wer considered essentially nonpathogenic

and to a laro extent secondary invaders in open lesions.

Of 105 cultures for fungi only nine were positive, yielding

growths of t.e patho.".nic frichophyton fungi. These Species

of ichophyton were Identified as T. mentaerophyte, T. rubrum

* ~andT. eulfureum all of which are commxnly found in cases of

epiderxmophytosi.. of the feet..

The patholoa' of severe frostbite lesions was essentially

that of chronically inflacb. * ulcerated and ga~ngrenous tissue.

The bacteriological and patholoeical changes which might

otherwise be characteristic for frostbite were obscured because

the patients had received extensive antibiotic therapy and

studiies of their woundswere not mado until15 to134 days

after injury.

1. Foot-Sweat Studfies on Frostbite Casualties, Korea, 1951-52
(See section X) *

'A total of 7e frostbite patients were studied at periodic
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ir'of the fet sout nor wereificao variation Intertiomns of

sweat. collected for the right and left foot. Moere were no

racial differences in the foot-sweat measurements. The &=imt

of sweat collected w~as directly related to the time interval

post-injury. During the first 30 dAys after injury th* frost-

bitten feet. were h~ypohidrotic. Bectween 30 and 60 days after

Injury the feet became 1*1perhildrotie and fenained so for at

least 120 days.

L.. Cold Stress Stizdiea on Pc'st-Frosthite Patients (See SectionnX)

Part 1. Skin Color Changes

Me results of the cold stress study were evaluated with

regard to the color ctarges of inji'rce digits, zcverity of

iiijury &Md nsber of' weeks post-frostbite. The study also

fircludel o6uervatiot.x on the patients while either wundr the

Influence of priacolite, IeL-P.-thonbiam or syn.pathetic blocks.

There was a relatiur.~:hp betwerit the degree of aoýnormal

vazozotor lability of the trcztbltten oextremity amd the

oevcrity of the 1n~ury. Time digits which sustained a rore

mieked degree of In,.lry when zubJectc-1 to cold stress, de-

v.Ipla msore r-.irkcl dleov4e of cyat~osla or rubor, ir:dicat~.ve

of severe v~aono-.tric Lion.

l1uriqg tho applicatlon of colJ str-izs tfe _abnormal skin

* ,.~olor vv-i:e wre 4ituerd Iq unirai .iithwr pri:3coli:.e,
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* . examttoniium or, appathetic blocks.

The. injured parts which dele'ped abnormal sidn color

changes during the period of cold stress also experienced

Pain varying in inteneity with deepening of cyanosis or

Patients during cold stress while sander the Unfuence of .V-

a vasodilator had a significant lowering o~f oral temperatures.

It was concluded that an iznjw7r due to coldl (frostbite) "

altered- the Tascomtor response of the extremity to subsequent

cold exposures in that. the injured part readily developed

* ~pain and abnormal color changes indicative of marked was.-

constriction.

Plart n. Skin Temperature Studies

Skin temperature studies were performed before, during

* and after exposure to cold of previously frostbitten and

control subjects. The results, In general, substartisteJ

clinical observations of the changes In the circulation of

the involved tWas which had been observed after frostbite..
104

Shortly after injury those digits showed excessive vaso-

constrictor tone which was modified In the case of the

severest Injuries by what appeared to be cutaneous dener-

vation of the involved port.

Skin tecperature measurements alone- were not- capable of

defining the post-frostbite syndrome but when employed

along with other clinical observations assist in the eluci- --

* . dation of the pathopl-qsiology of this coudition.
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M. 'jIwi Ascorbic Acid Status of lNortial Soldiers and Frost-

bite Casualties, Korea, 1l51-52 (See Section XII)

Serum ascorbic acid determinations were mado on 229 frost-

bite casualties and 1,698 normal comsbat soldiers.'

Frostbite casualties who subsisted solely on combat rations

itnCested approximately one-half to one-third of the calories

normally required for satisfactory nuLrition and performance

in the cold.. The discarding of the. coffee and cocoa powders

in the packaged combat ration which contain most of the daily

supply of ascorbic acid cecezsarily reduced the vitamin C in-

take to a loi; level.

The hospital diet (Osaka Azrm Hlospit~al) raintained or

improved slightly the initial vitamin C con'tcntration of the

blood (but not of the urine) of frostbite casualties. -There

was a linear relatior~sh.p ir. frostbite cases between the

initial concentration of serj= ascorbic acid and the number

of day-i of daily suppleczntation of 250 mcm. of yitamin C to 6.:"

saturate the serum with ascorbic acid. Among 95 frostbite

patients, 76 required fromi 450 to 4,000 twnm. of ascorbic

* acid, over a period of 1.8 to 16 days, to achieve serum saitu-

ration. The utilization of asacorbic acid by the frostbite

casualty was high.

The vitamin C cor~centrat~on~ of iterile vesicular fluid

was directly related to th~e amounts of vitamin C found in

the blood sera.

Low~ blood seu ascorbic acid concci~trations were more fre-

*quent~ly fotwa amonjZ pat~icntr, wr severe frostbite (third and
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*four.h degree). Fifty percent of the 1,696 healthy United

States soldiers stationed in the Far East eaddbited sorts

ascorbic acid levels which averged 0.5 a.. per 100 or.

is value was considered to be low.

X. Cold Hemagglutination Study. orea, 1951-.42 (See Section n )

"* Standardization of the cold hesagglutinin test was assent.ual

in the investigation dealing with frostbite since c'alw "e

ebased on a statistical com-&pIsoe of the titers of sev-

-' o erxl populatious of soldiers.

A st•dy to deteromne the -ause or effect relAUtinship of

" cold haeaaglutination to frostt its we mads by traps -ing seT-

Oral different popularions of fro.qtbite patients and control

" .. 'subjects.

Oas study indicated that there was a higb incidence *f

"cold hemarelutinins in normal soldiers. The factor of great-

S, est Importance for eliciting t4is high incidence ww beliTved .

to be due to the caremu control of the reading temperatu"o.

A racial difference in cold hemagglutinatl.ng tendencies was

Sfisidn. The United States leMgroes had sigificantl2 higher

titers than Whites. The Pongolian race had muh higher titers

then either White or Negro.

IBrief repeated cold exposure- of post-frostbite patients had

6 .no appreciable effect on their existing cold hemagglutinin

Ititers. .

go relationship was demonstrated between the cold hemagglu-

tinin tUt.ors and the anatomical site of frestbite injury.

•*o s.gasificant correlation was found between titers aid

'.511 34
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2aaimum deg&ee of frostbite among White patient,. The

titers for Sopgoes with third and fourth decree frostbit.

were significantl3 higer than cases with second degie.o

There was .no evidence of an alteration of titer distinctly

Attributable to frostbite itself. This evidence was derived

from statistiCS Uwh showed no significant alteration in

seril titers over a period of 6 weeks post-frostbite.
Y

There was no detectable correlation between cold heaaagglu- i

"tinin titer aid turIrm terperature during exposures average

"* vindchill during exposure or duration ior exposure. Likewise

* correlatios betvoen titers of patients with third degree

frostbite and ninlzm tecperaturj during exposure o. duration

of exposure were ma significant. This lack of signlficant

positive correlation for the above factors indicated that

cold homai lutination was not of significant importance in

.A the pathoeenesis of frostbite.

Certain portions of the cor.trol group were rnot homocetcous
p.,

thereby lin•itir the validity of se com€ ri•son* made with

the frostbite patler-s. Analyses indicated that climatic

envirot-=iont migtht kave a slcnifica:.L modifyir •affect on cold

ia-a•clu•tinin titerS. A theory wvs proposed that when an

in tdividual Is expoe_-l to coli we:'.Iwr for weeks or ronths a

tv-ductior in titer occurs a: a rest-lt of a in creased rate

of ,entrictior, of cold wjlutir.nl. The coq-,arisons between

- titers of control subj.ectt from Eor%-, United States and

* I |LRwali were co-Tatl.ble with such a I.heory in that those

.. " oer~is from warmer climates had i.•rher titer3. Compiarisons

"*
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between told beaagglutinin titers and native climatic region

failed to show significant differences, Indicating that if

such differences had existed there was no permanent alteration

by part envinommnt. The cold tema~grlutinin titers amoen
those groups which were most homogeneous from the standpoint

"of recent enviromental conditions ere normally distributed.

Distributions were not normal when recent heteroeeneoes e id-

roriantal conditions ewisted.

RKgher titers were amre often found anmog the frostbite

group. When, however, the control and frostbite groups were

adjust.d for type of Korean environment free which they cam

the titer differences were not Impressive.

One might postulate that only the few individuals having

titers of 2:4 or less had resistaz'-e to frostbite as stnested

by a trend of low incidence of such low titers ammng cold

Injured patients.

Studies indicated that potent "normal" cold henmalutinins

had narrow therm]l anplltudes. The rewarning thermal anpi-

tWdes were, however, higher than the cooling amplitudes.

7his disparity in -cold hematclutination was discussed with

respect to the rewarming phase of frostbite, i.e. the advisa-

billty of rapid rwarmini,.

In' this study the degree of cold henagglutination had no

practical value in the classification or prognosis of the frost-

bite. It is doubtful if cold he.zaglutinin tests could be used

Aa a screening procedure for detecting Individuals who might

be susceptible to Injur7 by cold.
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0. The Si•nificance of Sickling Trait in Negro Frostbite
Casualties (see Section XIV)

* The Incidence of sickllng traits abong 179 Negro frostbite

patients did not differ significantly fro the ected •

Incidnse In an averake United States Wegm population.

oree was no re.atiorship between T-e vickliri trait and

severity of frostbite anong the rogro patients. The heal-

ing of third degree frostbite lesions w*3 not influenced by

the presence of a sickling trait in the patient. Uo relation-

ship between cold hematglutinin titers and sickling trait was

established.

P. Protein Studies on Frostbite Patients (See Section XV)

A seor prtein .stud7-was conducted on 262 patients with

frostbite. Thi se r= protein fractions of all frostbite

casualties were within ormnsl ts..'he serum protein

level of reCro frostbite patients was significantly hiher•

than that of White patients. 'M-er fourth degree frostbite

patients had significantly lower albundn and hiher alpha

' •_"and ga=m globulin levels than the less severely, frostbitten

patients. The reason for this variation renAins obscure.

The sera of frostbite patients with a low normal protein

value had correspordirZly low ascor-Ac acid levels. The ".

total protein content of the vesicle fluid from second and

third degree frostbite was Ccne.rally lower than that of the

' correspondine blood serux".

.. V. DI......

A. Preventive Aspects
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.m -res. i.e. to frost.ite.

..: .

M• b as no control over wether• condition but faml-

" ' 'arity with steoro1ln e phenoena can lead to a zininiza-

Itio of cold weather effects on the soldir duriv the
active phase of c.obat. f the.experience gaine

units in Kr~ea durlig the winter of' I9M-52 it is believed

ftt

.that weath caatine rrf n at d simple rdathor pfdictions

Can b applied to the pl of tactical "rations b f t-

regard to tne.of clthn to be warn; extra items of Sear

ato wecriedh n fixin1~gi thenma .a0edt . iiie

tno f cord wanthe effecduration of the given siesion.r.t

All t.ldienr and purticularl the 9nit t 1"bers of
ftahliar with utilozatioAn of asi.e weteorologcal prines-

cplas as hupidity (Dew Point)o tacinal teoperatureo

Wtbchi1l and ground surface conditiono isi. ' -.

3" existing weather conditions ail require shortening of

the exposure ti=* of soldliers engaged In at-ush patrols, outpost

guard, general guar4 or motor coveoents in open vehicles despite '

the adequacy of furnished clothing and equipment and the pur-

pos. of such cear. Th9s can frequently be ant.cipat•d by n,

SapprLisal of the eVdstLng weather conditions and the prediction

for the etnouirz 12-hour period. If a notor movement, in . -"

1-ý" • ~ ~~~ambient temperatu re b elo w25 " ?..• 1~t e .1et o ~ e h u

1..
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mount all troops hourly fop 5 to rD-m te periods n o b iqaicall'n

., troops should be diaoount.4every 30 odnutes. ".9hg disrunted J
! •~~ativity should be vilgorou enough to pro, uc,•e a9emute.. we,- .

," anin yet short of caus~ng excessive sweatin. 1zn February ..

1951, a nonstop 6-hoar- open motor mov•enst of one battalio

* 3 uben the arbimnt temperature was 10' . resulted in D10 cases

of frostbite.

Frostbite is iependent not only upon a low ambient temipers,-
* "fturs but also upon the condition of the ground surface. The *

decision for wearing the various types of bootgeo.r r.•';i ",

leather conbat boots, as opposed to shoepacs or in.ulatd

rubber boots should be predicated not only upon the prevailing

weather and ground conditions, but also upon anticipated and

Spredictable weather. If new unit c~ander in N~ovember 1951 *.

bad nide the correct estimate of potential weather and f rostbi
surface conditions, he wol not have subject'• his troo~ps• :

eqaipped in leather cocbat boots to falling temperatures and•

wet ground surfsew conditions. Met unit had been iJstsud "

abo~epas which were left in the reserv area In the regiment- A -,

wipply train. Thi misjW~ent plus a similar one in another .-

unit contribu~ted one-thlrd of the total number of frostbite

cases Sn 1931-52.

2. Imobilization

.. Iutobilization of the soldier is a maJ.r factor tha*. can

39
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often be altered b the unit cmr or. Immobilsion

occurs 'ehen the soldier Is pinned daim by eneq fire,

placed on Interior guard duty, aassiged to an outpost.

guard position, sent on ambush patrol or placed in a

motor movement. A soldier Is. 3wmbilized A=hen Ies.1

wwble to move about freely due to a situation beyond I ".-.

his imaediate control or through his ne g ect such a T

falling asleep while ,ecpsed to a.-lo ambient temperature. St
The vast majority of frostbite cases occur during perlods

of Innobilization, Modification of mbilization in a

low ambient temperature can be accomplished in two vsay;

first, by aininlsing lamobility (Increasing physial~

activity) of the troops and second, by utilizing the proper

winter clothing, including foot and ha~dlgear Ymovement

of troops on foot that will be followed by a period of

"la"obilization due either to eneay fire, guard duty or

awixush positioning win often require a change of socks

.4 between the period of the march and the period of lamobili-

sation in order to lengtien safely the exposure period.

Thi nost be anticipated when planning the tactical opera-

tion giving consideration to the weather and ground sur-

face conditions to be encountered. - If there simple prin-

.eples are •!ot utilized the soldier'=y enter the period

of imnobilization with clothing saturated with sweat which

fonducts beat rapidly &-my frawa the body. The same con-

sideration applies to the soldier who will1 wade a stream

or potoibl~y break throui~h iee dvirir~g the operation. j

40
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3.Body Clothing

A standard ttumbqtr of layers of clothing cannot be pro-

scribed for universal wear throighout winter months.

Weather changes ra.pidly and unit cozaanders uvet be.

constantly aware of these variations po as to regulate

the body clothing. The basic recommendations from the

Quartermaster Corps relate only to a standard weather

type uniform. Theme recoemmendations were not intended

to exclude unit initiative in the selection of clothing

as weather changes occur. The decision to put an or

tale off certain items of clothing should not be army-

wide with respect to time. Flexibility mist be pro-

vided for local conditions. Certain basic principles

rec~ard ing the layers of body clothizng are frequently

overlooked or neglected. This includes the ventilation

of the body during physical activity, cleanline-.9 of 1

clothing to prevent loss of insulation van the avoidanc

of constriction, such as produced by seiug fitting boots,

underwear, sweaters, jackets ard trousers* Tis also

includes the securing of trouser logs be means of rubber

banids or lacing the top of boots too tightly.

It. is recommenied that asfl soldiers within the reglmenta1 l.

combat zone be equipped with the insulated rubber combat

boot. All other soldiers outside this zone of combatIshould be issued the shoep,. The pro.per fitting of boot-
&car, especiall~y the irsvlated boot, is most irnportant.t The responsibility for prop-.2r -fit. should rest directly

-- ~41-
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with the platoon and compan co••anders ido ast .•evt* *

individual wswappive after 1ss3U of the bootgea-.

&#=is should be placed an the use of a single Pair

of wool cushion sole socks with th Insulated rubber boot..

k" other eoebinations of socks are Colstricting to the

feet. many wrong ecddationa of soedea are worn th V

the shoepac. Twenty percent of the eaWse Of f"ostbit

daring 1951-52 wore ecebinations considere4 either to be

constrictive (32% or prVided iradequate Insulatio ( ).•-

Exchange of saclgesa Is important with the Inulated

rubber )-ot because of increased sweatirg, retention of

sweat ant a !owored resistance to epIdemoplytosis..

Althouagh sweating in this boot does not contribute to the

loss of insulation, it nevertheLess leads to the problem

of maceration. Yaceration as used here refers to the

softering of the sole of the feat by the retained Mat.

Trauma, produced by walking to macerated tissues results

in a denudation or less of skin fr= the sole of the foot. ) .

These denuded painful feet will tequire a period of 5 to

10 days hospitalization."

During the winter of 1951-52, 30yo of the frostbite cases

did rnot have available the extra cosonents of sockgear

and insoles (for shoepacs only) for the required daily

"changu. Analyses also indicated that 33% of the frost-

bite cau'tnlties did not comply with the directives con-

" ce="r.C *"he daily exchange of sockgear and insoles. These
"errors occurod ?*spite relatively static t=ta. ,0it-

42
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tie.. w•thout any disruptions Of. supp ad 00060

channels by ene*r action.

Present directives *tate that sockgear ad Usales

will be charged at least on:-. daily. Occasions arls.

when the soldier will have to wade through mier or

take part in strenuous physical activity with $Icessve*

sweating Wdeb will require exchange of these itms In

order to preserve the insulation and avoid eesive loss L

of beat from the extremity. These conditioqw my require

a change of isoles and sofkcear several times idthin a

dagy. Unit ccmxanders in their planning of operation

should take this fact into account and institute steps

in advance to provide an extra supply.

The co"n Anders of small units (platoons and capanies)" .

should not assume that a given tactical sittation wul

prevent the soldier from replacing his wet sadm and/or -'I

insoles with dry oneo. He should be able to foresee such

3] . .- . events ard direct the troops to carry this extra gear.

)aWW of the Casualties stated that they were ordered by

their platoon leaders to strip themselves of all extra

gear prior to a particular combat activity. Consequently

mny of the soldiers discarded their extra pairs of socks

and/or insoles believing that they were falsAng the

order issuiA by the platoon leader. Subseqoently during

the emu-u-i combat operation wetting of the feet resulted

from either wading through stream or by eoxessive sweating

* from vigorom physical activity. Often duri-g the operation

"" 43
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: these men were then positioned on an outpost guard or

in abus parolwhee J iliz4Ition coupled with vet

fee ocurrd. uchincidents usually resulted In a loss

of Manzpower by frostbite.

7hre are no provisions for the Immediate replacement

of handgear which has become wet, torn or lost during a

tactical operation. Although extra Inserts aM often

provided, no provisions have been made for the rwplacement

of the outer shells which frequently become met. Inq)

addition, the operation of certain weapoTds and tbe eamcu-

tion of many procedures during a tactical operation,

using the presently prescribed handgear necessitates

removal of this gear to perform the task. It i2 strongly

ecamended that all soldiers urdergo repeated super-

vised periods of practice in handling their weapons while

wearing the complete mitten ensemble. These practice

sessions should be conducted by the squad and platoon

leaders throughout the winter whehaevr the tactical situo- *

tion permits. It would be a major cont~ribuation if a type

Of hazndgear could be desiened that would be 1rpervious to

Moisture and yi~t parmit dexterity. Thetz %bove itaterients

are based upon many observations during two wi.nter cam-

paigns in Korea. One exanple is the inability of t" %

companry aIdman to apply dressings, administer corphine -. ~

or plasmnwithout. removirg his gl1oves. Other examples

include inability to pull grenade pins, the unjamaing-

of weapons and the manipulation of the sightbng mchanism

% V
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of various weapons. lAckng handgeaw ot the above

recciasnded design, and in order to prevent Um leoss

of handGear it is strongly recoemnded that the bandý-

gear be secured to the individual by the use ofaumeqk

card or samin other sizilar device.

is. Soldiers at Special. Uisk to Cold Injury

The five *~ ups of soldiers who comprised the majority

of fro--tbite casualties during the winter of lM-l52 were:

therfatguegroup, the racial group, the climatic croup,

the previous cold injured group and the negativistic Crou~p.

7he fatigue gruwp Is comprised of soldiers mho have been

In attive combat for 30 days or more without-rest and are

In a state of physical and rental exh~austion. The racial

group is comprised of Negroes who are at six times Creator

risk for frostbjite than the Whites. The climatic Croup is

made up of soldiers %ho originate from and have spent. most.

. of their life in the w.-r~r regions of the United States

(mean miniznw temprature for January above *271.). The

previous cold injurled Croup Is comprised of soldiers who

have had frostbite and/or trerchfoot. These indIvIduals

are two times at. risk to further cold injury than arV

* ~~soldiers who have never been Injured by cold. he r~egat~iv-

istic Croup is made up of soldiers who have canuteflations

Z of personality traits that. can be classified as immaturit~y

* .reaction3. The negat~ivi-itic trait. refers to the tendency

t~o oppo~a by thought or action any effort to Influence

* . -A' behavior.-

I45
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Squad, platoon and company cawmunders should be cognizant

* ~of the characteristics of each group so that during periods .

of cold weather they can give greater perstonal attention

* to the euploymeat of preventive measures to these* pazt5cular

soldiers within their unit.

* 5. Training

* In the first period of cold weather instruction Trench-

-foot and Frostbite should be clearly defined in lay tercts

for the soldier. A brief general description of each ::
clinical entity should be given.

* . *MaW frostbitten soldiers this past winter stated, 41

* ') ddn' relis frstbte anso serious.' I could have been

more careful"M

Soldiers must be made to recocnize frostbite as. a serious

irjury. 7h1s vay best, be done bt z' -casing the following:

4 a Frostbite is n~ore than a mere Onipping" by cold.*4

£ b) To incur a severe frostbite it. is not necessary to .*

*have asolid freeze of thefoot or hand.

c) Frostbite wdin require a long period of hospitaUi-

zation. Long periods of confinerent to bed, no

pass privileg~es and r~o smoking until discharged

are .zdesirable features of this hospitalization.L

d) The damage caut-ed by frostbite can result in loss

of anlor putof afoot orhand.'

e) Frostbite will cause the injured part to be extrewely

..ensitv ocl for a=y years.* During cold

weather the formerly frostbitten part- winl be cold

46
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* aiwi painful.

* The ijifivi dual :soldier should be tLaught that even durids

period* of iz=bilization he can carry on physical activity

or mcvow~nt. without expos~ing himcalf to t'-e encm', thus

preventisng copi injury to a Creat extent. The individual

zhould berin his movecrents long before the appearance of

tbe tjarring, si1r. of cold injurr, namely, mmbnes3 and/or

the sensation of cold. In order to itý.sure' that the irAi-

vidual is carrying on physical rnovement. it should be the

* resporsibilil.7 of the squad and platoon leaders to check 3 -.

frequ.ently on the individuals when they ane stationed an

eutpoit duty. C~ard duty, riding a vehicle or any ather

occasion when tacticslly possible.

6.Coc~r=A 7espo-mibility 1*

The chair. of cocmand for the prevention or coil An.'uries

*should %o=4.i both direction-, so that errorz in supply,

rotation of peruon:,Rl or alterations in ta-cticZ~ opcrations

reported b7 the small wiit cormardet can receiveT the

1proopt . at' e-ntion or the hirher echelon:; for co.-rectisna.

:'epeated L-!o.-trination of zoldierz in ti)C principles of

prevention of cold weather injuries Is mandatory. The

reponzibility for thU: inioctrlration rmist .e delegates

to the oque~, pLitoon and coiiPany commiaders. The 'Indoc-

trination of their troops tshould be instituted lone, before

the .onset of cold weather and not after the first canes of

;old injury ocrazr.

All coznt'a uitn of &ennpany sizzo or larr;er should have a

% . 4
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Cold Injury Control Office:.. It should be his duty to

prowte the training for cold weather operation." advise

unit cotm. 'ders on errors in supply and utilization of

personnel in tactical operations. lie should investigate

.thise causative factors in each case of cold injury within

his unit.

It is mandatory that the squad leader examine the feet

* . of his men daily. The medical corpsmen assigned to the

platoon must inspect the feet of the platoon members at

least three tines a week. During each inspection partic-

ular attention should be pa3A to the cwabination of sock-

gear bet.# worn, the cleanliness of sockgear, the sizing

of the bootgear, the cleanliness of the feet and evidence

of areas of constriction on the tips of the toes and along

the side of the great toe, as well as at the ankle and

lower calf levels. Unit cor.anders should not be satisfied

with merely issuing the order to squad leaders to inspect

the feet dallv but should call upon such squad and section

leaders for a report of their inspection. This can be

* I" verbal to s3Mpliry the procedure. Similarly, the demand

for such reports can be carried upward through the command

to the regimental level as a check on the execution of

"such orders which is important to the prevention of cold

Injury. In this fashion, deficits in supply, lack of

wuderstanding of earlier orderr and other correctible

S-conditions can co'., to the attention of the cormand.

The unit co--Ander who rur.s his ca-Ses 'urAe*rround.

: .• 48
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in order to preserve or present a good record Is not

conserving, manpoweri Once a soldier has incurred a

bona fide cold injury he should promptly be evacuated..

Retention of this individual within the unit may upon

suboequett re-exposure to cold develop an even more

serious degree oa injury. It is a well established

fact that individuals with a zild to moderate degree of

frostbite .are more susceptible to cold than the uninjured

individa'l. The already tnjured zoldier is a distinct

liability to his unit. in subsequent tactical operations

.during cold weather.

B. Clinical Features

"-"The earliest effects of cold were not elucidated in this

st A4y. The principle rearon for this was the delay of the

patient in reaching a rodical ins-3.a1ation after being injured.

Therefore, stillI lacking is the docvrentation of the gross

tissue changes that take place .Lned1utely after the rewwming

of tha Injured part and up to 24 hours after injury. Until

this informatio:n i obtained, recognition and proper classifi-

cation& of the inijury remains in~con.sistent. tVo knowledge was,

ga-ined on the question of omelioration of the severity of the

injury by means of therapy prior to W0 hours after Wnjur.

::o lessening of the severity of injury by therapy after this

interval wan. noted.

'lOf eco-sity the clinical investltation of frostbite dealt

with the later chtat,.s. Tho studies prtmsented evidence of

:e I an abr.ormal v.aonotor labiltty of t.e injured part. This

"/ 1 49
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lability indicatbd the sensitivity of the injured part to k

"cold which persisted for at least 180 days after. Injury. P-

exposure of injured extremities to cold produced varying t
degrees of cyanosis and pain. Another late effect of cold

was mailfeoted by an alteration in the sweat mcjdsmn oTr• - . f
the injured extremity. %eat activity for the -first 30 days

after Injury was depressed and frcm 60 to 320 days after

Injury was hyperactive. These findings supported the frequent

eomplaint of excessive sweating. by the post-frostbite patient.

"C. Treatment and Disposition

The benefit of the routine ranagement proeram for frostbite

as used dur.4.n 19M0-51 and 1951-52 is well docwnted. Striet

compliance with the program is a necessity which demands

discipline of the doctors, nurses, corpamn and patient•.

The proeram is still hampred by the delay in institution

of first aid measures icediately after injmry. Trautatization

or re-e-xposure to cold of the already injured part results in

delayed healing. To prevent delay in imtituti•i of medical

care better Indoctrination of the infantrymen, aidmen and

unit sureeons in recognition arnd maeement of frostbite is

Measures should be Insttuted to accomplish rapli rewarming

of cold -Jjured parts by exposure to temperatures of 70 to

W0 F. Rewarmaing meas~ures such as massace, exposure to ani

"open fire or bv walking should be d1scouraGed.

No specific therapy was proven to be sf benefit In promoting

rapid healing of the frostbitten tissues or i, decrea.i-isi the

%: %
* I
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oee j. f the inj ury when t r1'

ayer3gt of 40 hOu.- afe n~l

IV la-, phas intemmcei froztkdte CnaiIfy . .

is the jisposit.tof an& fuu'.a-0 ,n r h nt

service. Blecause of the late chwn~cs Produ~e itevua

arj ,atcuilar tise UY fro*,t-aitO and ke Are(a.4d zenl~itivitY

of the iijyred part to cold the ýollawjne recocxMeM~tion are

of profile
1.Confirm~ed case=offotitshudb Ina

of L-1 r U-3 for periodof Yu20ro ~eo

injury.

2. Duxt~ a331irrXfnt Offrozt"blte Choultt

.0%-err~ed by:

a. :o preferential dut- I cF.Jrtwl be

1,ecCeIsarY for 1ocalOt ihe~rc the new'l mrim=rn

teriperatures .re 31bove 2507

b. -We dutY a3C-vnt ust - ' P.~O

.1 ,t,,.de 43XP05Ure for loca~lez where the rcaax

cfi,,iz= te--peratureA Wre tejcoE 250.

c. V per~or-el reprofilJ b ,=@C of froatbitte

ý.houjd be t5~re
4 .0 10,;aie* *fie2C? the

,,an ri~~teiqpratu$rO b3 h10v F



Apmg~i I

CWK SHEE" AZUD QJES710?34LR3

USED FOR THE SflJY OF FROSTBITE -

52



, . .- . . . , .. ..

N9

n, -1 Rux

• .. t • Div* 3x zCorporal

1 2. ~I33. 11in iv . r~i:ea~

3, 2:% Ia. • Div. " 5.:) coUpwk lGze Off - •

4. rdI Di-. t ra O

0 ta. ?f . Div.
6. 1st Cf. Div. 3. orporal
2. 25t Iarine Div. 4. 3rgea•t

a.~ ~ ~ ~ rise.u SrtC OffUnt.ý"e a

9. 35d Ir. Div.3. 2md mIn. Div. 6. F.eld Crate (Oi. "+•"

5. 74th Inf. Div.6. 2.th mnt. Div. 12-13. •TA-E CF P•3.:C:•;...

8. Y~ise. 8th Ar Urdts ",.ate La. •,....

9. 45Sth lnf• Div.

7. 1. 5mwra~l
.7- 2.Suurban6. 3E=-_"-1.-•: 3. a£ty ...

0. t:o dataO, ::o data •15. DAYSI* : KO.-•:CA'':

2.) netseatz of Divisions 0. o da"-a
1. 1-304., Ilth Ma~rine Her. 2. 31-60.•..

5. Support UThits of Divisior. 3. 61-90
6. _ritish Cor~nwealth .. 9-120-

Division 5. 1•'I150
7. French Inf. 6. 11-1-.
8. Ethiopian Exped. Forces I, 181-210
9. Greek Inf. Mn. 8. 2341a- ov09. 241ard •r •

7. Bk -LA1AO:::0. :;a 4ata 16. DAT-S N; Ca[SC£: •'

1.) 0. :o data

2.) Battalions of Reer.ents 2. 16-303.)2.1 o",.',
3-) 

%*

4o Ei~reer Br.. (Sep) 3. ,.1-45
Other separate Dna. 4. 46760

ro, 61-75
9-9. ACC _ (LAS;T B1R1CMDAY) 6.6-90

CO. .%a data 8. 106-120
9. 121-135"'

10. ?ACE:
0. io data

1. .dhite
2. ::egro

3. Vo:q-olian

P.. %*



1 .0- 022pc al

30. 20,. . L 1 !A pak da.

• , ".- i_ . . •, .- : :

* 17 ASI C'A IHOT2. IILl 7A .LSTIT ', .J':

4o d1.-1t S. 2 daily.v• -4 . 2. 2/p,,ckdai Wr:.:.
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6. 25-n9 ,
7-. 30-3 35. 2 WZ HOU7011M WORE F..---
. 35-39 DBIT 010OU HAV• M1Tf•L!10 TO
9. 40-".,. EATS

0. r.0 data
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. ePi u. 82

2 ".. . k.n. .-. lin or sittng y. 1 .. .than 7(.0
with no movement .. . •data. ---

3. Ling, kneeling or sitting 1. 7 t VAidth little novecent * 2. 825to 944 .. r ng, kneelng.orsitting 3. 90 .to1 071
with Considerable movenent 4- 1075 to 3199

So Stuading with " no . ov ent •. '"2• to .3246. Standing with nt• " oveent 6•2.320 to .2"7. 8zandiMi with considerable 7. 2450 to 1571. Umoement 8- 1575 to 1699So Walking with infrequent breakcs 9. 1700 to IM29e Walking with frequnt breaks 
-d

... ,A rthan37'F. 3 To . .., to. !tpartl clo
r- 310-37* To2 F.. o -*c %0. .& data 3 Blowiud so .&e or.. -

1. 2--30 To4. foggy3. - 70-326, p. 5, Drilesa
3. 20 20To.y 6. Raining
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9. lass than -250 F. 1. Flat
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S7 . 4. Mountain
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0. No datA 1. One LarA a17
1. o-4 hour' 2. One•foot only
2. 4.1-8 hours 3. Both hands
3. 8.1-12 hours 4. Both feet
4. 12.1-16 hours 5. One hand and one foot,7
5. 16.1-20 hours 6. Both hands and both feet
6. 20.1-2I. hours 7. One hauA, both feet
7. 2days S8. One foot, both hands
8. 3 days 9. Other
9. Over 3 ,aYs

51. DMn:-- OF I:.RNLVENI,
47. m7.ODS UsED m0 m.u',. r--', f•.:1T1AL:

0. ::o data 0. No dat a
1. Walki.ng 1. Firit
2. Fire 2. Second V
3. ?om temperature 3. Third

exposure 4. Fourth
4,. Not water soaks 5. I.C.C.
5. .essare 6. I.C.C. a-rd =bness
6. Snow 7. :;one
7. Zold water. toak•-
8. Other 52. S-....Y OF JI(Y.5, Fmmz

0 0. ?o data e.1'

4*8. .T= S-M- BY DOZ"JU.: 1. Same. degree on earh foot
0. N:o data 2. Different degive ca each
1. Before rewarin:• foot
2. 0-1 days af.Let re .--- rZL.
3. 2 days -after rcwar!_-::- 53. OFE %?:AX. rZAu r.*:=
4. 3 days after rwarr.:' x. Ii".fora Ion i.n Col. 54
5. 4 Jays after ow.-'r.: . 0. `ýo ,at:
6. 5 days after rewa.lnC 1. First toe

7.6 da-s aftFr re- umir. -2. Second to&
-,. -11. days a.fter rC'darrd.:Z. 3. Fifth too

5.First anid fifth toes
49. M2' EVACA•hD- 6. First, second an:! fifth

0. :o data toes
1. Befere rew-..rr.g . First, %ecoi wnd third
2. 0-1 dayý; '2.ier rewr- V' toes
3. 2 day- after rcwa•..- .8. First, record, third and
4. 3 days aft,;r rmcidr-4. . faurth toe-
5. ~4days IfLer' rev-=inr'* 9. All toes
6. l. ayr after ,,'war_-I!,G.

8. 7-14 dlay: after rewarm;-.
9. 14-21 days --fter rewar--.r.
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- .06 r. data None "
1. First " *g.
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4. Fourth
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0. Nor data 63-4,. vSI'LMS IL
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r65-66-67. 1•L 33 E " ' .'-"
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lao. of days

0. oneom
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""'2. Two fingertips X. ore toe only, indicate

3. More than two fingertips y. Al toes oy { ..
4. Con•ru of one finger 0. l~onu
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6. Dorsum of sore than two 2. Second toe 4

fingers 3. Thid oe to
X I LFouith toe

58. SITE OF 5LFYT 5. Fifth too
IAD6.: 6.et & 23d toes

0. aon, 7. Distal third
1. One fingertip 8. Nhel

2. Two fingertips 9. Entire foot

3. More than two fingertipo
4. Dorsum of one finger
5. Dora=m of two fingers• " ° ~6. Dormum of rore than two" •;

*fingers
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CW. O.cc 0o :.ly7, indicate 0. No d~ata

Y. JUtoen onv1. Ge'rcral dutY

0. lone2. LLIted duty

1. Great too L-je:dt
2. 1£eco: 4A We Lit~dt

4. :cwdjio3inC Center -

3. rd o:-,cra duty
4. Fourth toe

5.Fifth Too .Z
6. Is. t &21d toe:;
7. Dalthird7. IALDAS5,FT--

9. M.ir foot 1. Fir:,
2. SccorA

X. One finigor on%-, jir-izt~c .Fut

0 . ::one 6i e . ! oa d t

Z . ZeA ll fi r 4,cr~ TED . 0.
3.~~2 12.1-24fr~

c. :h fi:.Zer So.1 data ~ *3.14

o. Ailo:.eri 1. 0-.1- 2

* 2. ~ee 4 fj~e?2. A8

o:. c Forthirpjr o. -'r 36 '.1-48 6.

5. F~~~1Lh 79~. ~ C ?Ez:

3. Allir f ir~crs g. e.. dat

~2. ~C2~D!77 1. -tt eviden~ce of
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DISIC QUARMMASTER QUESTIOWAIPZ FMR COLD IUJU CASALTIES

1. Ne and Rank of Casualty:_ ________ 151 -

Organization: ___________ uty:__________

2. 7Tn f dold Injury:_______ Date Incurred: -___

3. Parts of the body involved. (feet) (hands) (face) (ParS)V

4. Nature Of 6Xnoswo When injury occurred:_____________

________________(Geographical location)____________-

When feet are Involved. '

5. Tyrpe of footgear worn at time injury occurred. (combat boots) (ahoepac)

Vas It laced too tightly? (Yes) ().Other cir`culation restrictions?

(NO) (Yes) What?____________________________

L.. Kind of socks Worn: (cushion sole) (ski).' ;;uwber of pair worn?

7. Last time socks were changed prior to injury? (__hours) (__4.ays)

S. last time footgear was removed prior to injury? (_hours) (_.days)

9. Umber of days since feet were washed t~days)

20. Did sodlder carry a change of socks and innsoles? (Yes) (NO). If not#

wer socks available to him by issue or sock exchange? (Yes) (No)

(Issue) (Sock Ekchange)

1.1. What foot hygiene or other preventive measures were taken?_________

When Hands or Face is Involved

12. What type of handweair wi:- worn: (Cloves) (mittens) (None). Wers wool

inserts available, (Yes) ('1o) wandbeing worn? (Yes) (No)

60
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23. Type of headgear and face protecction worn or uased: (Pile cap) (Field * 7
*cap) (Hood) (Muffler) (Cheek mask) .

In All C=0e3*

14. ý4s other clothing worn at the tiina of injury considered adequate?

(Yes) (No) It not, what was needed? ______________

23.-* *- uk

Z0M* 1. Cross out inapplicable words and fill Ls l62ar"Im. -.. . .

2. Submit one copy of each questionr~aire to the Cold Injury %-

Research Team, 25th Evacuation Nospital, APO 301, *J Arsay,.

through the Division Surgeon weekly..

6g.
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CLOTHIJC LIST Fat COLD INJURY CASUALTIEM
IiAJ•: _____________RA14: ______

WOMI~ZATION:_______________ _____

DATE OF .INJUR:

WEATHR DATIA:

CLOTHfl WOu BY M.E ABOVE AT ME OF INJURY

Undershirt, cotton, sum-er, sleeveless, 00
Urdershirt, cotton, surmer, A/4 sleeve, white
Undershirt, wool, 5W& cotton, 50o. wool
Urdershirt, winter, 1.-1950
Drawers, cotton, short, 00)
Draytors, cotton, short, white
Drawer., wool, 50ý. cotton, 50!. wool
Drawers, winter, 11-1950
Shirt, flannel, olive drab, stand-up collar
Shirt, field, wool, olive gruen I0e (shirt-.eoat)

• Trousers, field, wool serge, olivo drab lo. 33, 18 Oz.
Trousers, field, wool, olive green 108
Trousers, field, cotton, olive drab
lroaserz, field, cotton, M-1951
Swedter, high-neck
Jackets, field, pile, olive drab
Jacket, field, 11-1943
Liner, Jacket, field, "!-1951
Jacket, shell, field, 1.-1951

Hood, Jacket, field
Socks, wool, cushion sole
Socks, wool, skiSocks, wool, heavy, W
Socks, cotton, tan
Boots, service, ebat, composition sole-
Boots, c€mbat, russet
Shoepac, 12-inch, 1-1944
Boots, combat, rubber, insulated
Overshoes, arctic, H-1%3
Boots, mucluk *1
B3oots, arctic, felt
Socks, felt
Ja.ket, field, wool, 0D
Pon~chos lihtweight, 09
Ovorcoat, r•rka type, with pile liner
Parka, field, cotton with pile liner
Jacket arid Trcusers i13T
Cap, field, cotton w/visor
Cap, field, pile
Other:

4'-j .zEP. COID Ir;JURY ¶i'A!
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x (2)s DASOFi

AGE ____ (4) R~ACE I--wJ F-11 t-Px

::Sa. ?ct Iea L.Jb. epo Depo f-J c. X R Airfield L.

(6) m~~L~. _____(7) WAK (a____C) rli____

()PLAM OF BITIM _______ (10) 1zA?0 O~Ili______

(U) Orr--- aLACE -uvW 1: FOA AT izA= TI WoTE ZT. - "IN~:: -

(12) 771M CF AfEA LIVED 1*1 FOR GR!ATýt PA.1 OFF UFE:

a.city rJ b. 5uburban a7 c ural E
'a Aprox. Un:~th of Time__

a. 4prox. T-p.-Pb.Ap

c. Es vironzapt: Indoors )4cst3,y U Outloors 1!ortly J
(14) C1IUAK. MCCUPATI: _________________________

(15) uoiJ:l:2 PIPIS El) -3] =- 6 [ --Z 1117 1ý0 0iS(per day,)

C;GA*2 LF , E~ ~~i ~~~ (per day)

clmw~.rmý ElJ [M~7 [J EIDJ =J(oy IU: (Packa per day)

(16) Mi**:;(Ow)[) - (7 (r A: (per w,-k)

(17) =-**ý: (?nz per Day) '~ =-6j fzf -0) 7-23-~ i1

(18) =i i:;*iAyz Pz; ~Z(i3ot ]cae) (J[D J Fl P 2- 1 ~

a. ______________ b. ___IC_________
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(2D) =.D INAUY: (frostbites Chilblains, Trenchroot, etc.) Heel [9)

a. Anatcaical Si•e_ _ _•_

b. When Occ re _ _ _ . Where Occurred ,,_____

d. ktUivity at Tim of W _-r

(21) CME VU=IR TAINIG: Heal

a. Wbhn b. Where

0. ftyeof Lecture dJ . Amount of
'••Training: •natruction, JPUS- --

Demonstration

Cold Weather Operatior0fl

(22) RGHEST SCHOOL OGADE COM-s..7: 11213 141511718 1.9 0

(23) Irl z RATIn __ _ (AGCC - Area In saoro)

(2.) IDISCIPLIJnA REMCO: 1o. OFFZ SEN72M

mar court-artial --

3pecial Court-Martial U-
General Court-Marti•al -

(25) DIn-SUz .,.

Pneumonta

UridxplrUed Fever (Infectious Mononucleosis, etc.)

Tuberculosis

Syphilis
'fematuria (Red or Dark Urine)

Rayraudts Disease
64
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(26) FEET SWEAT RULE AVRAE I

"(27) DO TOU CMfSIDER, IURSEV RIGHT OR LEFT IWE? (
(28) WHICH. IWD DO YOU USE 7o PUlL THE TRIGGM (3 L
(29) HISTORY OF ACCID`TS (Any accident requiring medical attention

such as serious sprains, broken bonws, etc.)

(30) HOBBIE (Particularly outdoor activities such as camping, huntin-,
fishing, etc.)

.1 ~OESMRATIOIIS ON ALL PATYDITS

(1) COW AOGG INIn SAMWI (10 cc.) TIM ==3 _________

TIrT:_ _ LY~ST _ _ tY.;s ____ _,

(2) PERSORtL HIMINE (Based on Cleainess and Seatness, paxt.•cularly feet)

EICm1LEH oo OO Emio E=
(3 ODY TIPE wIU9)PEf 0 wTm-Im NO 9RM 0

HESGIORPI EJ HESO-F2?DO MORPH1 EMMJR Dw- 0~
(4) IGHTs I - E(5)-IGHT:,

(6) P1LSE RATE AT RTE _ _"

(7) ORAL TE. PERKURE:_

GROSS EXAM, LIGHT MELZWVJ SKIN RESISTAUCE: (Takcen on Instep) t

STARCH-IODINE TEST: RAT1NG

(9) O1,00 FLW: (Return of skin color after 10 sec. pressure on end of
&reat toe)

65
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0. No data.. -

w2 e roitersnaity (etnent icapacitted in spanes ) !Dwhd

3. Suggestive neurosis.
.. Overt neurosis- (Specify category)
5.Pathological persorality. -

6. Laent or overt psychosis. -

* 7. Post-tranat~ic syndrome, organic basis.
S. Behavior disorder.

2. L~.J=IGm~CiE (SEE AflCT _RATII.G):.,

* 0. Definitely superior.
1. Average or above.
2. Below average, not deficient.
3. Definitely deficient (moron or below).

3. DUJCATIOALLVn .

0. ro, data.
1. Grades 1-4.
2o Grades 3-6.
3. Grades 7-8.
4. Grades 9-nl.
5. High school graduate.
6. Beyond high school.

4. !ISTO-W OF ACCIDEMAL I!JURIZS:

0. I-o data.

2. 1lto 3.
3. 1. to 5
4. 6 to?7.
so to- 9.

20 or more
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5. VIDENCE OF PREDISPOSITIONl To IINJUR:

0. No data.
1. Very little
2. &=m indications.
3. Strong trends.
4. Clear-cut eVidence.

6.SELF-WIF-LICTED COLD U!JURY:

0. No data.
1. Absolutely no irnj5zation.
2. Suggestive elements present.
3. Suspect possibility.
4. Definite indications.
5. Admission of intent-

7. No_ýa

1. Very low threnhold tolerance.
2. Low tolerance; avoidance of stress-
3. Moderate degree of tolerAnce.
4. Strong degree of tolerance.

5.Very strong degree of tolerance.

B.6 PROAL17Y COITO!2S:M

0. No data.
1.Markedly dependent.

2. Red1 cets authority figures. .

3.passively agressive toward authority figures.
3.Nrmlrag of deper4ency feelings.
5. Strong parental ties.

a~tro? Ityfeelings towardotes6. ,ton hoatil. y feeins twad rslfD ~~~~~7. Stroyg hostility elnstoadsU
a. i;or~aa range of hosti-lity feelings.o
9. Longr-range pattern, of somatic preoccupation.
10. Essentially normal perronality pattern.

9. SE!NECE CO3I'T -EfON TEST FI!DIG3

0. No data.
1. Dependency:______________I

2. Pears;__________________

*Dominrant drives:______________

67



20. *AT[~

4. garies belownT score of 46-

Oo Me" daa del.

~ Mak raing exeed~~g Tscor of5l~.fac

3. TAT _______M___________TWW)

0,. No data. ______

5. Depression. __

6. Dpendency.___

7. Dprese aggression.____

4-.. Agrnso toar auhrtfgrs

9.22w________

Q MMI Na
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A M-MOILWGICAL EVALVATIQI

EOREA, 1951-52

Weather observations and awareness of the meteorologicalce-

ponents ame necessary -for such decisions as the wiearing of miitAU2

types of protective clot"i., length of combat missions, duratiwi of

inactivity, requirements of shelter and diet and the possible selection -

of cold-resist~ant individuals. Awar eness of weather may contribute

* materially to the prevention of cold injury. Furthermore, to make

assessments Of tt'e cauzsative factors in frostbite such as Lnadequqe

of clothinig and equipmen~t, acti-'ity of the individual soldier and his

resistance to cold, it is necessary to know the exact climatological

conditions that existed durir'g the per.4od when cold inurJ~ies were

prevalent. Possessing a comp~lete documentation of meteorological

conditions in a cold-weather combat zone such as ambient temperatures,

windchill (1), type of weather, condition of ground surface, humfidity

and type of terrain one ma7 determine the physical limitation withir'-

the sphere of activity. Zkl~o data =ýght also be applied for future

predictions of Incidence of cold weather casualties in combat areas

W.-re the exact climatic conditions are known.

*Jirdchili, (Figure 1) is defined as. the amount of heat that wouldf

be lost in an hour from a square meter of bare skin surface which has

a normal temperature of 91.40 F. As a practical application it =iy be

noted that the sensation "B~it~terl~y Cold" indicated for -30 F. vi' h a

5 mph wind speed is also felt at251F. with a25 =ph wind speed. The

RESTRCITO
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desiCnated unit~s of the windehill. char (Fi. cailphr.) do not indica

quan~titatively the heat withdrawn froo a clothei mar, (2). However a

more recent report (3) has shown that tho windehill values given i&.

Figure 1 are 15 tfrM3 Ereater than actualLy are lost fraa a iman dress-

ed in arctic clothing facinZ into the wind.

Because of the vast climatic differences that occur over short

distances in terrain as rurged as "-+i of Korea it was decided that the

collection of a cexplete series of envirormental data was required Nt

each regimental coc~rud poet (1go nera3.Jj within a few mil~es of actual

cmxbat) with supplemental data of temperat~ure and1 surface conditions

from each of the 3 battalion co==iad posts (usually within 1 &ile of

the 'Main Lime of ResisW.a.ce) Ir. the reGiment. During the winter of

1951-52 weather stations were established in 22 retgirmnts and 66 bat-

talions. Due to frequent movement of these =nits and rotation of their

weather personnel only CO,.S of the weather stations sux~dtted weather

data on any ome day;--

I Te progran, officially initiated 14 1!ovember i953. by a command

letter issued from Eighth Army Headquarters (Appendix 1), was'concerned

prirarily with the acetecroloeical factors determining the rate of body

cooling (Appendix 1). These factors included tem~perature, wind, un~idity,

weather and conditi.on or the earthts surface. All these climatological

conditions were recorued every three hours by each Unitea States reg~iment

(Appendix 1). Supplererntal, data were collected ever.; 6 hours from each.,

infantryf battalion (Appendix 1). Tkhe total tire required to obtair. n

record wi ther data was "40 ramn-minutes" per day at the reginent al level

"an S" nan-min:Lnte3" at the battalion level.

- .~f.RESTRICTED
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Each reginnt an battalion was provided vi-th a weather kit by

the Cold Injury Team (Appendix J. •he k'Its iic'ded -11 the r~ecc--s=7

instrumentv, written instructions arA forms needed for a regi.ent and

its 3 battalions. Persor.l instructions were given to the appointed

weather persornel by the team MateoroloCist, who toured the front, late

in the fall, or when new units arrived in Korea dnrlne -he winter. ie-

training waL required occasiotu014- due to the rotatio. of key personnel.

31i. ";CEPTIO: OF PROGRAM

Even before the weather observationz were initiatet it was

realized that the data g:athered could be ut1li:ed by the regimental

staffs in order to increase operational efficiency and.prevent cold

inJury. The application of weather d~ta to nilitary problems was dis-

cussed with members of the regimental staffs anA the men who had been

selected to rake the weather qbservations. These appli•ations of

weather data were f.)rmalized in an official Eighth Ar7 letter en-

• r.'-iled "Application of Weather Data to Local Operatior.al Problems*

j(Appendix I).. Also included with the letter was a wi;-.hill graph

a.rA psychrometric tables which were used to deterdine the coolijZ effect

of the a-f'bent temperaturo and wind speed art the ernzuin expected

mo.-dr•C terperature. In addition, an.. Air Weather Service report, "Kor-

ean Weather 11uo'ihout the Year". was furnished each rerlment in order

.o azaist in local nperatioral planing.

A cor,'i:iuou e..chanj- of letters at' n•-e betwe-,e the front-line

wea-.her rtztlons a:d tlc Y-."e-.:i Cold Ik:jury Center kept the procrxri
.- +:•ve. These irtereharges of ideas laid the z w rk for an i-

p. oved Wteather Z;rvice for the Army. A letter from th*e z-.'teorale)j;t

RESTRICTED
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of the Cold Injury Team maintained: "The state of the weather In as

vital to the man in the bueker or tank as it is to the crew of an air-

*raft. Ms the science of weather is further developed it is possible

to foresee special forecasts for operations as =al as squad patrols

before which the men will be briefed on the weath.er and ground con-

ditions expected and the clothing and equipment required* (Appendix I).

One IHegimental Weather Officer, te 3-2 of the 2.th- Infantry Regimer.t

replied: "-..... we have all units of the regiment weather consciouts.

"We received numerous calls, sometimes numbering 20-25 dai1" requesting

j .up-to-date weather information. 'We have publici-ed our staticn In the
0 1regiaental newspaper, consequcntlý- we receive calls not only from our

ewn regiment, but from attached units, adjacent units arA at times

units on division level. Fourthlý, our battalio.-m have set up indivi-

dual stations und are qaintaining elaborate wea',er charts showing

weather and tcmporature since 1 December 1951. We have used the weather

information gained for many purposes. Mainly we have used the infor-

£ j nation for 1.'ennirng purposes - patrols, raids, am~bushes, etc. I would

like to reccnend that, in the event a weather study is conducted in
1952-5J, thermmetcrs be furrished in sufficient quantity to allow

company weather r.en to be appo!nted " mainntin hourly weather changes

*In each bcocpany locality. I believe the additional cost would be over-

shadowed by the aJditional information gairned and the atditional interest

displayed" (Appendix.I). This same regiment at a later date subaittod

a qualitative operational report on the effect of min- temperatures

it had c:parlcriced during the w#inter months of 1951-52 (App,-ndix 1).

This report rcferrei sp--cifically to the use of fuel for heating tents,

RESTRICTED
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and the operation of motor vehicles and flame throwors.

Official forecasts for ground operations wore made daily froms

an Air Force .eather Center. For anW locality with rugged terrain

it i* difficult to forecast weather when the exact conditions of the

preceding 24 hours arn not known. Air Weather Service forecasters

Sassisted by the team meteorologist arranged for a d- ily transmission

-" of weather observations from the front-line stations. This procedure

resulted in an increased accuracy of forecasts, especially that of

expected cninz temperatures.

In January 1952 a group of Arm environmental specialists

""ade an inspection in the Korean combat sone. This group recognized

the accompli3sments of the new AM- Weather Service. These special-

ists agreeO, that definitive steps should be taken to keep the program

active after departure of the Aray Medical Research Laboratory Cold

Injury .--search Team. The Preventive Medicine Section of the Office

of the 'ighth Army Z'urgeon requested weather data for the warmer

months to be used in studies relating to hemorrhagic fever and insect-

borne diseases. The Quarternaster Corps staff al*o .desired weather

.5 data in relation to the study of body armr. As a result of these

requests for weather data beyond the winter months "ighth Arn-

General Staff decided to continue the progra with an interim assiGn-

sent of supervision to the Assistant Chief of Staff, G-2, and re-

sponsibility for operational control by the --ighth Ar-m Signal Oficer

- i(AppendL; ±). A meteorologist from the Sienal 'orp. was placed in

charge of the operation on 15 Ea.rch 1952. assL-rLn responsibility from

:'the Cold Injury Tem. Pending more deta.iled cluanges It was decided

I to continue the weather r" ogram as previously outlined in thi:s report.

S, . ... .RESTIRICTED
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An combat units and technical services were invited to contribUt

their ideas and requirements in such a weather program. The re-

spouses submitted inclded the following: 1) The Engineer staffs

had an interest in ridden rises in river stages; 2) The Chemical

Corps staffs desired informstioia about local valley Wid~s; 3) The

infantry regimental staffs were interested in weather changes which 7-
could effect combat operations, local traffic adi unit clothing :1
requirements; 4) The 2esearch and Develojment sections of the

various technical services an&. their field teams desired data

regarding field conditions under which equipment failures occurred;

5) Pilots of small Army planes desired more detailed weather in- ,

formation relative to front-line locations.

The hir Weather Service staff proposed the assignment of

professional meteorologists to krzV, Corps, ad possibly lower levels

in order to evaluate weather conditions in relation to growun oper-

ations and optimum usage of military equipment.

One of the most gratif7ing results of the 1951-52 cold injury

research project was the continuation and expansion of the weather

program into a semi-permanent service for the =Ighth Arsq. Thus

enviou•tental data were utilized by the intelligence, operational

and technical personnel in addition to their original usage by lb

medical research personnel.

IV. POT-..'IAL APPLICATIO(:S OF -EATI. DATA

Applications to be discussed in the following section are

prir•rily concerned with cold injury research. (Other applications

were indicated in the previous section.) Weather data were used by L

I) the Cold Injury Team to:
RESTRICTED
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S1) Determine the mathematiml relationship betoeen-' Im .a ne", _

Of frostbite and weather, (Given climatic Una mas foro- e .- t.o,.

winter "Vin one mv be able to plan the rAC033• AMdiea •..

*~ (

1) Determine the lmiatheonti fca l d weeatin her blothing (ium.

, ~and tolerance tine) for various cold enviromnwnuo
of ) Atbitezvt to wealct her•.e(i ces c i effec tvenels of w K

weather training and unit discipline by c€parwIng incidenes ot

cold injury between similarly engaged units usirg cllattc data

as a zontrolling factor.

/4) 'valuate the influence of combat activity on. Incidence

of frostbite using clizatic .ata as a controllive factor.

5) Ascertdn reasons for ti.e difference3.ir- Incidence of

frostbite between Un-ited States troops und troops of other nations,

again using climatic data as a controlling factor. '

6) ivaluate the influence of clLmatic conditions on the in- ,

ciderco of frostbote for the wi-ntars of 19c0-51 and 1951-52 in

Korea and for future r-.o--mal winters in the zana locale.

&Ihca: aPPli3cat*4n3 were i:Vlanentcd tri: 1) Case !3.stor7 I3

code sheet er.tries; 2) correlations of dal- cold irjuries with

Nfrent-vride" er~v~rorzv+- tr~ttt~nitons; 3) correlations of ayvýrage

zonthlb e ronoerntal conzitions for each rinent with the =anthL,

reolzmentai cold injur- incidence; 4) preparation of mo"thly 3 7

* jnovirn the areal d'strijution of temperature alone and south of the

lain Line of :Iczistanr.ce for casparisons with other United •atiorn

troops; .5) aCOMpaison o~f the- 1951-52 wInter temperatures to tliose*

* I
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7,n . . evalu a .expor t . . . to oz-

: t~e 191-•2w•rt*r ptien.eatue and sel exected nor-1sbjcsnlalo 2).slt

AZ ties ontther I code sheets weemaedietl.ro h

trespcie regimoenta aondbttalon weathe re epec o h. For'e

25;of cold injures ofccurring ind separte or mppmeato-..

units, dat frode thee npearest tregmeach or•dm btaion weather'..

s•te atient or d AiFreltl No.-.aethrl Oubset •/rvin Toms•:

-te oneah cod- sheedurers we. uied. Thi

waspnectiessr sine .:cthe wathe batlon weatse reports For et

2.;organized p-Jriotohefist occurre• nc oft cold inu- on

of Ethata reortdb the hertregimerntal a battali:on weather -::

stations.o Ivera Fopetrce wao. s Uetr m~eanof& terye

1.•

the •rer te:peraturs to the d e.pect•e Minrmu. (Wirnds-.t

ofths apliatin repored fondi the Eepict ei n btaioo n Sethe o."f

thecouine reol4Ijrte dTanc rhe port. oLtn ht h :

S•~~~~~~A ~aeinturred.Code•hcer •.roo£e-p.ue0 hrs..

the I o~rdor to• genauaero uetiso the s olijar , (•n- •

chil was dctercon.•d• frosh tabet w ine . the d vci-rae wia te

SR ,,P ED. .-."

units. dat ,rn th neaes rgnena or ataIo I Iather

sttin o irFrc ~-~ eab ROsErvn ~M=
* (located near corp~sohaqatr)wreuiie.Ti
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speed.and temperature for the exp..e period.) •-.-

formation relative to zcolmiw 8, 9, 2002, 31,2 ad 23

was obtained directly froat the vegimuxtal and 4attalion

g meteorological observations (Appendix 2). The type of

.* p. . . . . ..

weamtheri and jTondn surface condi1tions as coded in Figuem. 2

utilized only the most severe conditions encountered at

time of injur-.

D. Daily OFront-aidel Correltions

The rate (per thousand men In combat) of cold 1n .-7

along the Korsan front varied significantly from day to

day throughout the winter. it was influenced t7y the ex-

* tent and typ of activity; tlw egmipment available (es-

pecially bootCear), the training and experience of the

troops, etc. Probably the greatest si•gle influencing

factor was the weather. This was not.iceable even before

anal7sis of the records. A sudden Increase in daily

hospital admissions was an e-cellcnt tnirdcast" of cold "

weather in the combat zone. Greater occurrence of frost-

bite also could be expected on the first day of a cold

wave because of inadequate preparation for sudden drops

in ttmpt-dture.

FigL-a 3 showe the da±y variations, throughout the

winter, the average tempe,.t.ure, cr. s tepratu e3-

and average wirdchill. of the entire front. Daily vari-

ations for the period of 15 ::vebb.ir through 15 December

1951 were less accurate because of a paucity of weather _

2RESTRICTED* .'.
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stations in oporation. Yore data involving the entire

front weri'avalable after this time. Fortunatelj7 most

-of the earlier operating 'stations were'locaWt, abcut the

center of the front and provided information which.could

be considered representative of theA averace co€ditions

across the Korean front. The tabulation of these data,

showing the nurbe of observations available, is given

Apendix IT.-

At no timne during the winter did the recorded front-

line temperatures reach -20* F. (Figure 3). On 29 December 4

1951 and 5 Fobronr7 1952 temperatures of -17* and -18" F. F

were observed at the battalion level. Voreover, these

temperatures were closely corroborated by nearby regi-

mental stations. The 2 days indicated above bad the

coldest. "front-wide" averaCes (8'Ta 9o F.) of any dur-

ing the winter. The temperature range for all reginents

on 29 December 1951 and 5 FebruarI 1952 was 2to 170 F. . %

and+ to 12" F. re3pectively, which was enough to vary .

the incidence of frostbite across the front. "owever,

it is to be noted that such temperatures are r.a colder

than those averages fourd in forth Dakota arn innesota -.

during, January.

The maxl== rvunan winrdchlfl for tN- winter (978 Ke.

ca3A:2 /ii.) occurred on 26 Lovcmber 1951. The average

and mxinlim temperaturv- on this day were =a lower than

toose dur.ing Jauary and F,.bruar- 1952. --his extree' L..
w-.ndchiln was ;.rcczpanY bi the -r•test 1ad.ly incidencc e

RESTRICTED
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of cold inJury Of ths sesoUn. Hcwsvef, the iMPnrtarMo

Ckf factors such as Ira~afrqute footirear, int~ensity of

cccat, duration u.' ~cpoure,, and degree of iz~obility

jni this incidence of frostbite have beer detvirmined in

*the section~ or. Epidemdlog7.

C. C-Aparizons of Itecimuts -

Weather conditiom~ at any one t1mi vari~ed contdMerabl~y

alor.C the Norean front. 04 29 Decadiber, one of the coldest

j.dayu Of the vinte,, the regicwAi~ts were exposed to tvnpr-.

ature3 according to the di.atributicr. in Table'1. Vari-

* -atiu- cn this da7 between regitwr-t3 in the incidence of

cold injury miht be expected, proyvidig all *&.her factors

were cortant. In the SpidelnilO&Y section there wil

appear a correlation between irejLAtal. terperatures and

frostbite incidence for a conparable but. lonaer period

in February.

D151.21=01- OF MMILMETAL TWU'E3AiUME
W 29 DEMMM 1~951

Temperature P~t--.ber of '-4 zir~ts. ..

Ka~e I-irmum RAE-rae
... ± !.L....Tezrature Ternpcrature

11 to 20 ______

to10 2
1 to 5 ____3_

-. to 0 3
19 to -5 4

-1.4 to -10
-19to -15 ____

*ThrLec of the .16 re,-!er.ta reporting m~inimum
temperature did rx.c h~ave a sufficientrai. numer

- of repoirltr to I~i%- a daily average on t~his day. i

* * RESTRICTED
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*=a~c wer r. ove logrprosoftm.rco

cotrbuin to th L~~iaino emeaue ewe

. 4D

30 F. Ths---4au*3aeccpa- o hs

* Vdifftioncs betweenth regiments wea erles arooutted samen

~ais teJnuaydfeecs beetwe ve lnen peroldsor time rCutors,
01ont W~ing cil to rge o the monthzaio of teDruecembtwen

¶ . ~ ~ ~ a the s sam 2 reimnts inlueaco. g eatero (whic pvets loca

ftheating. anlttl coolng thy rathioe i diesignatdiontr

chaffer.ientilcalelcs os.ewe rgmns

A.I Janularyo of2 hma monthly aemera tues ofr 23ior~hldt

fr te. nited rtatges nfan 80toy re 3.ent i. Suivenmn pe-.

aeures are. cnoriatin d erivn d farom.j tis IoappNrternd a:
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m* fl.U s and-Northern New York. The lowest tampestwatus

tooorded by the above regimesnts ratged from 2 to -W F.

Cnereimet epote awind-chil of 1018 Kg.eAM2Ai

but Iit weather station was located an Hill E%1 aibut

10= ft. above an1 other stations.-.-::

3. In Fobruary 19$2 the mean monthly tempotratures for 21

regiments razi.ed from 21.26 to 23.CP F. Viadcbil Ihr

this month rareed from a low of 617 Kg.Ca3~i$/r. 'for

the 15th Issfantry Regiment located ini V03tO.i Korcea to. *

* ~790 for the 7th Marine Regiment stationed In Esternf

* Kore's.

* A4. ki Parch 1952 the mean mcnthliy temperatures for 26

regiments ranged from 27.30 to 4O4. F. The averagep f.

windchifl for this month among these, regiments md..-

from 40,9 to 904 XIg.cal/~lhr.

* D. Areal Distribution of Temperature

Monthly maps are required in order to est'42ate temper-

* ( atures encountered by isolated regiments adother lkzited

Nations troops when weather data were not availablen. Od3'

* locations for which tata~were available for most of theV

month were utilized in the construction of isotherms an these

maps. Fortunately a mnumber of the regiments occupied the

Sme locations one or more months affording continimus data.

C ther regimenits in exchanging corzasnd po'st locations ULUt-

ated the gathering of data ixmiediately thus~ permittirg the

cotiriation of data. A13o available were the data fra five

87
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Air Weather- 3rvice stations.

Figure 4 shows the geoeraphic locations for vhich regi-

zental weather data were availAle for ani or eor months.

The coordinates and elevation3 of these ].'cations un the

weather information are Saacligled In Appendix IT. Figures 5.

6, 7 and 8 shoh the distribution -of thes, 4ata along -the

'C..

front.

Fieurv 5. showing the geographic distribution of tamper-

ature for December 1951, indicates that "the coldest weather i -

was encountered in the eastern sector of Korea. However. ...,,

the difference between the eastern and central sectors of

the front line was not rreat. Troops. in the w".ern sector,

where the front extended southward, experienced wamer

weather. The sharp toncue of cold air in the eastern sector

may be attributed to the generally higher eleration of the

* I terrain. This was not true for isolated high points which

usually did not record the lowest temperatures due to temper-

ature inverrions# For example, Station U, or top of Hill 604-

(meters), recorded a -2 F. for the lowest Janwmay temper-

ature as compared to -101 F. reported by nearby s..'tions * ''*

which were iU2 valleys ,0O0 roters below. 'p

The m6difyinr effect of the Yellow Sea, as it cooled e" - "

the w•Wter, caL.Ied the axis of cold temperature to move

eradu 7 destward across t:je peninsula.

E. Cot.parizson of the Wdinters 1950-51 arA 15.1-S-5

The total number of cold in jury casualties that occurred in

the winter of 19r1-52 was far lec,3 than that of 1950-51.
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Factors responsible for the prod.,.ction of frostbite during

the two winters included the intensity and type of combat,

number of troops engaged in coebat, type of bootgear and cold

weather clothing used, and 'differences in amblent temperaturt s

to which the troops were exposed. Temperature differences de-

pended upon the location of the combat troops in Korea and

the severity of the two winters. The picture is complicated

because of factors, other than wt ther, mentioned above. In

co=paring the tempeiatures encountered by troops during the

two winters it was possible in the Epidemiology section to

speculate as to the importance of the weather factor.

Climatic data at co-bat level were not available for the

1950-51 winter. Te.psratures encountered could be estimated

best by use of r4nthly teoporature anomalies available for

the few Air Force stations Ln Sa-thcrn Korea. These may be

algebraicall.y V.-Ued to the nor-a.Is. This appears to be a

reasonable procedure bNcauso thýe ,mreAn peninsula is small

in relation to the Sib-!rian hirh pressure cell, the dominant

winter weather factor.

During December 1950 most of the cold injuries were in-

curred by United States troops vhile on a retrograde move-

ment from the Yalu River and the Chosin Reservoir area in

Nlorthern Korea. tlorr.-l average Decerlber temperatures in

these arens vary from 5* to 201 F. A narrow strip along

the northeast coast awrages )C' F. Other troopi -ýire en-

gaged in cc.-bat at the Anju l.ttui in WAtern a.-i Contrsl

Korea ¶4;ere tet-P-ra-tures A-fraco 15' to 2Q* F. T.pr

94 , ,M
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aLulv. were abut 2* F. cn1:ier than niormal irk :;uu thern

&krv-a ftor Uaii:; (table 2).

TAMEj 2

A~r:2AG?. F.) FUR~ 1950.. aVIC 1951~~

V 7A!". i:r A V-;. MA~XX't

-- 2 -- 26L 49 14

K' -m 2L 21~ .z.. 42 z
Ze.AI1 .1 -- 2 26) 31- 43.~ ..z

3 tw 1 11) 27 ý1_ &0 37

Kunsan 8__

.0 a 3-

AV~2'~ ~:?.~fU ( .) orm a!AlY 95 415

By jxur 1951 the Ur ae roshArofaUe

rerte3'1" iiIe AI. .-.-ae notl'qevrat
tI -ze r nrz y2*t 25'___ _ . Tepmties t-

aI o h! ll!-t ee ozdrAno d(al )
IiA= 3

I. -:AJn ( . O. AiA:Y15 .-d1?,

1,5
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'in this combat zoine average 250 to 30* FP., wit~s".'htly

higher re.dii•gs on the east coast.. FeW. ry of 1951, as

iidicated in Table 4 was about 4 dorrees (F.) warmer than .

niormal.
TA=S 4

AVEW-AG. MITERATURE (F.) FOt F-M3UAHY 1951 AD 1952
AS aC(;2DS1) BY AIR WEEATIMI SERVICZ STATIVIZ UJ KOME

A*;(AGF _ AVG. 11! AVG.. ,hItFU '
15___ 2. '51 : '21 1521 1151 1.. I 1. '.

0 32 j._-_ _'-_ 40-.
Ki~no 26 ---- 181. - -"KDn s -- 25aerg 2_j - o .- 38

Taol 22 6 172IS2 
2

0..~ .~L

Bih March 1951 the UnIt a Stat.es trOOP3 had moved to

positions north of Seoul "n KanjZnung.. The nramerous cities

in this area have loýng term averages or 3W F. ror the r.onth

oif March. 11a Tc•:pwratures for Tawju weree s (F.) degrees

.abovi nor=1a while at Puran they were r~or-.sl (Table 5).

TAMIL 5

"*1

AVERAGE. 7P27MUTUrP (" F.) FOR 2•A•T 1951 a.r 1952
AM REWCCWDD BM AIR ,AT -I 3SRVICZ STAT'O.MS IN KOUEA .

Chvj::c. " - i~IT§R 29 __ 1 __ 0 :
._2 50 ' 5. , 29 4 7

itt-.1;. 6 . . 1 . . . 7 -- .. . 7'-'

r 7_ - - 9 19 -- 29 3_ --

Kuns~n ,0! -- J4 -- 2I ; 36M -- 4 '•-•

ý2-

11Wn 3 '2 3 1? 3:. t10 , 9I52

n ::orlr*.l

%at

96

.. . . . . . . . .. . . . . . .

in tis aea ave ox'•ter arae o1 . • F ."o th .ot. .
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As indicated previously, te=;eratures at combat level

for the winter of 1951-52 were obtained from weather re-

porting Juzt$ organized by t.A An• Medical Research Lab-

oratory Cold Liury TeaU. Tble 6 is a s3uar7 of the

averagc r-unthly tcrperature3 raeportod by the various regi-

c:ents in ,. cc-.;,a..

IALZ 6

DISTaMBTIO:; OF AVERAG*ý I'M:;TuLY ?M207L'A TIIRA11TRES
L: XrU2A F-Vt:E2-; W=~7.2 CF- 1951-52

AMU.1GE
".•'1 .!RE D,,M'_.-' JA;;UMAR F•U !CH

15to 18 f19 to 217

22 to 24 9 JL I
25 to 27 2 ._2 1 1
28 10 __" .

2l to_ _ _ .....2 1
3,4 t,, 36l 8 ,,'____ ___

37 to 39 ..... a8_____
110 to 42? ____"__:_____-__

TOTAL 14 J-I 17 1*

SData for 7 rej!_-ots incomplete
* . Data for 2 regL-ments incomplete

al; comparit.g the rnorral te::ýperaturp-3 plus an~omalies for

the 1950-51 winter to those recorded at re•i,)ontal co-bat

levels during the 1955-52 vw.r.ter, the ýollowing rmay be

concluded:

1. December
Average -er=,.ature' C.- hch corbat troop3 in the

Ch':,in Rescrvoir atrea w::ce expored in 1950 were about

-2.0 dcr.es (F.) co!.ier tL-.z. in: 1951 arxi sL-n.iary about 7

p r1SrICTED 7
S.. 97 •" '-•-'-'

* . . . ... . .- - - - - -. ***.*..*t*.*.-*.*.**.*-*-.*....*.*..--***.. ..- .. . .. .~ . ..,.,,. .
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12 degrees (F.) colder at the Anju eneagements. Dif-

ferences in extrezocý- were iz doubt greater. The In-

fluence of wooather or. the 1950-51 cold ir,.jur- rata was

probably very cors--Iderable.

2. January

Temperatures e.c=%.tired by troops in J3nuary 1951

were :ear15y the s-e as tho-e encountered by troops

scmewhat further s.ort.h duriZ t'he warzer .xaruar7 1952.

3. February

&he cor-bjratlo:. of a colder ::o:.th and more northerly

latitude resulted L-. exposure of the troops during the

inr.ter 1951-52 tc trzscratwr•s which averaged 7 to S

deCrees (F.) cbIder th-%: 1950-51.

4. -!arch

Both wir:Ler, had tem.piýrtur.s that were 2 degrees (F.)

wrr.er than the :.crr.al ex;,ectnd for this month, but the

troops durir'Z the w*t.er 1951-52 beirZ located in a =ore

:ncrtherly latitumle were e-pxs-rd to temperatures about 3

or 4 deeroee (F.) cl-Jer tK'.' thoýc during the tnter

11cS0- 5 1. ~Ikwever, nuc tem eral.ureo- a~re oily occazion-

.,11y low enouj:h t. result ii: frontbite.

F. :'o=•:alc,7 or l)51-1,,2 ):,)re-,:,,:'e

i:3-.cauno-, Lh1 1oY i:.:iJ'.:e uc fro~tb:.te durir.g the winter

of i9!91-52 th,, co:,rr:a-;o. of the mx.-hly zn-peratuore averages

with the r.cr•-l a :.thl . :,ttairle from obter'atiuiro for

:1 10 year rioi wri . ., data :,re : ;ivet ":I Tables

2, 3, 4 arAd 5. ':,.r .- :. U.'.,, •,,,:.At fro.i the:e

InISTR'.GTEO :':::

..............................
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tacbles, are plotted on Figure 9.

Figure 9 shows that three of the four winter months were

warmer than the expected average. Chunchon, the station

closest to the cor.mbat zone and probably the most represent-

ative of conditioix in th-t zone, siiowed vety large positive

anormlie- for Dece-ber and Jaiuaro. we difference was

ever. more pronotuced for January, the coldest month of the

year, in the average r•-inis•n .enperatures which was 160

instead of S* F. (Table .1). It would appear that frostbite

could have been more prevalent and more severe in a normal

winter if the tezperature an.c.alLez had beer. in the opposite

directiin. Such a reversal of the te=perature anoralies

would have resulted in an averare rdrimun- temperature well

below O0 F. ir.stead of the 10i to 15* F. te-perature en-

tonr.tered in 1951-52 (Ap,. ndix III).

Daily weather s=-.aies for each United Statess regkiwnt

and its battaliovns have been prepared a.d- are available upon

request from the Az-V 'nedical Paesearch Laboratory, Fort Mnox,

Kentucky. These s-,:aries incli'le the lcwett r.sximum and

average temperatvre of the day, the average wir. speed and

witr~chill, the extreme anrd predordinant type of weather, the

extreme and other t3Tcs of surface conditlonz and the ele-

vatton of each weather station.

V. OUtA:'.Y A::D CO::CL.1iO:S:S

The procedures aw:d te:hi.-,ues for collection of weather data

from front-line positions in, Kovea were d-scribed. •,ce data Incluede""

99.
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:trehu~ ter~eratures, humiditioc. wind speeds (calculated wind-

chil), type of weather and grow4 surfaee condltic-.5 for each United

States regiment in Korea with supplemental six-hourl y weather data

from each of the 3 battalions in each regiment. ?otential uses of

thnese data in cold Injury epidenaiolur 'were outliinedl and illustrated.

There have been presentedi co4..z'isorns of temperatures which

occurred in the winters of 1950-51 and 11551-52. A further comparison

t was n.ade betweer. the observed temaperatures in the wititer of 1951-52

wih the .. rrAls for the period. It was concluded that the

"colder temperatures experienced in Dhcr•*er 1950 could in part ac-

count for the greater I rncidenrce of fretbite in that moth as U

pared to the i acidence in December 1951. r ow•• ver, Jantr and Feb-

ruaro.y tedperaturLs in 1951 and 1952 were nut co diesirdilar as to

account tor the differencesente incire.ce of fro:Abte in the wo

years. Sirn the winter of 1951-52 was relatively w-2 .r than nor-

mal it is sp•etcUatively o rposed that should the tenpera. urc 1r•1

be reversle for another winter atd ell. factors, ir.olu ded ltng of

the combat ;;one, reain thee r ne an increa.er i0 cold injury could

Occur.

the recept rion o the weather proer- n by coIn at untrat ard sub-

"•q'xrl Loyte b.y -h. e ueitt in theIr zily crýrat;io:Js wasn discussed.

It was irr- dciae that an expanded wp-.'.er soervice for the :round

forc..s wculd for of defrenito value.

VI. AMY I

1'.•L T ear. S~xp•eP. .3. ntA oC. F.51-52 of drry at-
ciccli. in Proc.

mAn.• Phil. r :-o. Vh Q 1.- Y) o.t hd

• •eiue~t zo g th~e .it•in hei .ll•' ~ert~os w• dscused
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2. Breckinridge, J. R. ad A. H. W1oodcock. Effects of wind
on insulation of arctic footgear. EPS Report U:o. 164,G•'•V, July 1950.

"3. Ceruma., J. E., et al. Determriation of windchi11 on aV life-si7d clothed ccpper -.-n. Enviromental Protection
Branch, 1952. June 1W.
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APPENDIX I

IflTLZ=WICAL PROGRAM

for

COLD L'JURI STmJD

KOREA, 1951-52

- I (?rPnw Extract. Copie3)ilo
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EIGHTH UNITED STAME ARMY KOREA (EUSAX)
Office of the Cowmanding General

APO 301

AG 701 PODA 14 November 1951 p

SUBJECT: Weather Observations for the Korean Cold InJury Study

TOz See Distribution

1. Effective 15 Noverber 1951, or as soon thereafter as practi-
cable, each infantry regiment and each infantry battalion in your
cowand will make daily meterological observations as outlined in Li-
closures I thru 5.

2. Instruments and forms required will be furnished direct to
divisions concerned. Captain Norman Sissenwine, USA, a meteorologist,
will visit corxnds concerned at an early date and furnish technical
assistance.

3. Reports will be made daily from regt.aents, and every 5 days
from battalions on forms (Inclos'ures 4 and 5) and forvarded from di-
visions direct to the Coaanding Officer, 25th Evacuation Hospital,
APO 301, (Attention: Cold Injury Research TeLr).

4. Reports are exempt from reports control luAder the provisions
of par 4r, ALR 305-15-

BY COWr-21D OF G•rAL VANJ FLEET:

5Incls: 3H r~e
1 - Instructions to 3n Weather H. FrAIe

Ob-ervers Maj. AGC
2 - Intructions to Regt Weather Asst. AG

Observiers
3 - Meteroelogical Prograr for

Korean Cold Surgery Study
4- Forn, Re•t Daily Meterological

Obsý.-r-ations
5 - Form, 2n Meterological Observations

DISTRIEUTrION:)

C.G. l1t Cav Div
C.G. 2nd Inf Div
C.G. 3rd Inf Div
C.G. 7th Inf Div
C.G. 24th TnT Div
C.G. 25th Inf Div
C.G. 1st ,-.%rine Div

INP)itMATI(,4 TO:
C.G. 1, IX and X Corps

104
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OhV0.WXO1CAL PJIORAH

for

JiEX: W | i;JUnY i 1Ii

(iiiiter 1951-52)

(Copy of Inistructions issued to all weather station persorztel)

Cold injury Is &ennra1Iy caus.'ed by excess beat lora from the en-
tire body. -the body, atterpting to cori!erve heat for the vital in.er
orearts, constricts blood flow to the ext~remities (feet and hands) re-
statine in their cold injury.

/p

Cold inl~tay may also be causied by excess heat loss from a portion
of the body, invariably an extremity, even though the rnorral. heat bal-
a:..-e of the rest of the body is ralintained. This may, c-ccur fo~r the
fee. at only moderate temperatures, about freexir.e, following wettitt,
or for the hards at extremely cold temperatures by short period cot-tact
with cola oookPed metallic object.

Therefore, in studyin~g cold injur-r, It rs Important to knov the
wj.;Zitude of the factors cau!uing, excess general and excess local heat
lozs. For excess general heat loss the most important rnteorological
factors arie air teixperature a:4d wtirIspeed. "Ahece may be combired into

* a sing~le qjua-ntitativc expression of ccoline power such as Wind Chill
(which is thi rate of heat lozts from an unitisuLated s llcylinder

V * b~virg a 93* F. surface temperature), or converted to equivalent calm
%!r Lczporature. pain may al:o increae reneral coclitz, especially

/+f .he soldier io without A rai-coat, aY4 will ',e iprtant. when en-,

c2.L'.cred with t ezvratiiture tear or Lelow frcozi.r. O'.ther factors
a;itir g ueral coolin-, but not as directly . rot so easily cb-

* v.ir..d and correlated, are zolar radýiatwion, outdoirZ radIiation, and
ras-idity.

For local coolin& the most in-portant meteorolot~ical factor is th*

-tate or the t-;rnuzrd. It v.ay be des-crib-id sisap1y by clas:;. fy± r, the zur-
face as, dry, Wet, ulushy, an~d 5now of varicits depths. 710se data or
:c:rtane cor~itio:r -.u:;. be used in a.z~ociatior. with the air te7.perature
-,2 evaluate ca!nes of local coolkng. Con~ditions3fa local cooling af-

fet:;the hai~ds are not obutain-ed by rate ~rl~clmotho,13, but will
.rzba~bly be avallable from cane histories.

Mtetorol~ giczal data 'suriLl ly available is obtsiir-A by the Air
;,!ather :;rvce at Air Force z~acse often quite r-!u-ote frcvc tbe combat
c.e, the scs.e or csld 1ijrtes. In terrain, such a; is en-

te.ral1 *.,- Fo:*ea, the m-tporolcgeirl. cl-.n~ert3 rky vary consc:Jerably
c-ver ý,hort Jintit.ces. LMi~ h pui wintetr tý_e coldes-t Air For,,-

L; ten;.oirati:rec n r'-corl ror Xcrea (ý, tail.Lble at tha! K-c'zmeters
.A4 the Air Weatl.cr 2.ri)wis +lY* F. A two-, evto t',cA
-nthe su;;.rt:ýa rk':er':ei -ly* F. Corbat tr-cPr wro1 't.d havir4g

..x?.-rie'rxed -3:,* F. b-,it alo.-ate rozonl~i wore tt~.~ia:e.Te

- R~ESTRICTED
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it is highly important to obtain a complete set of meteorological data
as close to the scene of cold injury as is possible. These data will
also prove useful in evaluating the performance of all ccviat equipment
in addition to its primary uage for Cold Injury Studies.

The following two series of observations will be obtained:

Cold Injury Meteorological Observations - Re.rimental

a. Aiere obtained - At all Regimental Headquarters
(21 to 24 regiments an.ticipited)

b. Time of Observation - Every 3 hours (0300, 0600 - - - 2400 IST).

c. Data Required " (1) PMne of Regi-ent, its geographic lo-
(In duplicate) cation including elevation (Coordinates

or reference to well-k-own cities my
be used), and type of terrain, i.e.,
flat valley, hill, mountain.

(2) Exact time of observation.

(3) Dry bulb teurperaturo (in shade) about
four feet above ground.

.(4) Wet bulb terperature (obtain along with
dry bulb only when dr- bulb is above
25 F.).

(5) Wind mileage at fonr feet. (u!ed to com-
pute the averae speed betwe•n obser-
"vations).

(6) Wen•thor type:
a. clear" to p.u-tly cloudy
b. cloudy to overcase
c. blowing snot, s. or dust
d. fouy
e. drizzle
f. raining
g. thurder'storm with rain or hail
h. sleet an/or freozing rain or snow
i. snowing

(7) Cro',i Surface Conditions:
a. dry
b. wet
c. muddy
d. slu3ahY
e. snow, 2 inches or less
f. to w, 3 to 5 in~ches
g. 4rno ., 6 to 8 inches
h. cs;w, 9 to 33. inches
1. snow, I •ooL or more

I.0,6

...........................................................................
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4. Instruments Required - (1) Sigrnal Corps P.-24 fsychroceter with
wick.s and two spare thernoisters.

(2) -icnal Corps PI-80 anemometer with a
pipe about six feet long for rmuntirZ.
T'ds pipe .IU be driven into the Cround
about two feet.

(3) igmra Corps ML-7 Thermoreters (Arctic
rarge)-

Cold Mnr)eteorolorical Observatiornz - Battalion

a. '.here obtained - At all Battalion Hed4quarters (63 to 72 battalion
anticipated)

b. Ti1ze of ObservationA - Fvery 6 hours (0600. 1200, 1800 "z 22.00).

c. Data Required - (1) 1'x-e of Battalion, its geoeraphical location
inclulin. elevation (coordintes or reference
to weUl-kz-wn. cities may be used), and type
of terrain, i.e., flat, valley, hill, moun-
tain.

(2) Mm.e of Observation.

(3) Temperature (in shade) about four feet above

(4) Ground Surface Conditions:
a. dry
b. wdt
c. rtnddy
d. siu-jhy
e. snow, 2 inches or less
f. SLOW, 3 to 5 Inches
g. snow: 6 to 8 inehes
h. snow, 9 to U inches
I. "now, I foot or more

d. Inr•tr•.•.ts Required - Two potSle. thermoreters with case.

INVS I!: CTE 0
107 ,
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RiMDEJTAL IvEATIM~ OBSEMVAT1O.:3

INTMoDUCTIOrZ:

Knowledgm of environmiental conditions (weather and terrain) which
you have been directed to otmerve and record, is extremely i-aportant to
the future success of our fighting forces. 1¶er, ar4 equipcient. fall victim
to environnmental extre.nas, especially to cold, wind and wetness. By
kiiowing these extrozes, reliably az-A exactly, it is possible to do re-
search which, in the future, will. reduce or prevent? such casualties.

These data are extremely important contributions to your fellow
fir-htirng mai Accuracy is im'portant as- erronec.as d~ata cant do msore harm
than good. A csrnseientious attermpt must be made to obtain all 3chedulled
observations. Oinly about 5 minutes every .3 hours, a total of 40 minutes
a day, will be required. Scheduled tL-e for these observations is given
ona the data sheets provided.

INSMLMTS A!:'D USE: .

Onl~y three instrx-ents are required, a therzoneter (Signal Corps
IYod'el M~-7). a prychro:.nter (Signal Corps Yodel ý2-24), and anaem -
eter (Si~rnal Corps 1%clic 11L-M). These will be- providel by the Korean
Cold Inj'xryi Field 11o.,pital ;An must. be returned to that Cen.;er upon
notification at the termination of this op-eratlco".

a. Therm'.or..ter (M%-7) - 'his is an ordinary t.hermo,-.ter with
which you are, no doubt, familiar. It has a rar~e of -9V F to *900 F.
The ter-morat-ure can be re:.-d to the nearest deere,,. C'kre cast be taken
to all'nyz use the rurnuz (-) siy for te:-4'eratureo below zero. Temaper-
atures should be obtairned abc-at 4 feet above the rro~tud, in the shade
(the body ray be used for shaile), and away fros an.y obJect which is
emitting hcr~t. nhe th*-rrcr~eter rh:;uld be whirled ~er.tkly on the eind of
a I foot strin-g in order Wo briviC it ilito cor.-ncet equilibri=~ with the
air. This is especia3ly 1L:r-)rtiA: if it has. boee recently rrecivej from
a he~ated zhelt~er. It riuit be :7hiclided fron rain dr.)ps a:A rnow flakes.

b.* P:ýycrci-o' (-Z.) Thi* ir:trirmrt In. u-ed to obtaiin both
th air te-ircrature a.r.-I humidity. T1he h-x-JJ~ty itecl be Obktaired orzly
when. the -_r te:eaI:e a~bove +25* F. Mhe int~rtrinv.t consirtni of

t~o ~ att~ichcJ to a& 1-fal fra M. ta, which is liz.ked a han:dle.
V~et1::r.vm.ý-ctcr exteul'L )ut further than the ot)hic a:J cj)ntatns a

cloth :;k(The wick). A rca'i~r.g I:; ob.airned by wcttlin*; this wick and
thei , whlrlir.C tho instrii'ei.t rrently by itz hKi;4le for albout 30 sacond;;.

L-~.v1;t&y poi '.ha ic~i.ai: of aaiS!t. w.'tted Lher7,reLer
(e.hb)is re ai -.Ii.ti'ti ti; ~ilJ:.a: o b~t1

:~'c'.;*ri-he Jprnyiol!: rol~4 A Ew l"-1. ',hi!;u i ropea&.ei util two
co:.:;ýee:t.!vc tv-.vr~at~ure., arn Uie t~xne. (0.2.Iy 2 or 3 traaare ~:cnl

108 P ES T RT ~E



RESTRICTED

requirci). Mhe other 'theror eter (Lthe dri bulb) is read inYiediately
followirZ the final reatditi of the wet bLlb themoL'cter aiA both read-

* iiZs amrerc.,rded.

.Jh:. zte air tcmnperatwre is near freeziie the wet, bulb mVLI appear
tc excecu th~e air tet~pcrature as it cur:-xinces to freeze. Hfowever, after
whilri4; .) r the proper period of time, tie wet bulb will free..o solid
and then attairn a rdnitima terperature which will yield the correct hs-.

c. L-.eta::eter (0.-C)) - This itistrurmert totals the miles of wind
that pcc.:zb It. his a dial or. it. which indicates the total mileage
i:ieludii t-':.tha of a rMie that panc. It autotv~tically starts over at
999.9 '.7z he dial is tunmed oy 3 cups m~ounted C'.arm~s. Those are
rot.tel *he wirnd. 1they rust be msaintainecd in the hurizorntal plar.e

about. 4 lre, abeve the Grourd. The et.tire irstrtrint should be mourntel
50 to l'0ee.. away fromm ai.y ob:tructior. on a pa)le or pipe which has
been Jr4i-.C:. in~to Lthe C~routJ :absut 1 to 2 feet. A th,=b screw is used
to tihe.tbe xt.onster vnto this pipe. By kr-owi:.; the ex.%-t tinse of
two co:-.re:-utivc ssilCa~e obzervatio'ng it is poasible to calculate the
isveraZe wz1.4 :meei .1uritg that period.

Dal]ý datta sheeta "'.ej5n:bmtal, Daily Uurh;c L .;ervationia,
Korean. Cc~i !:.,;uryr ;tul.` are provi;!ed for .he m.e'1diZ. of ltheze data.
:h,! 1,.f- ' i~ co:;:crn-t4- losatic:. a:.d elev'aLioi.,*-. Lhe 'Lop of ' his

form irr ex-reiely izcr. . iLhoull '*e ;14ZL,ta:.v fron, tlut rbei:1et~al
* ..~2. ~n~!e ~,.dloizit.ude a.-. .Iint.L:x;%o:.I 'rectiot :ro- .c:ret

* - ci*ty 'hz'.._1:t.e u..eJ. ;;het; rei;--er.t~a. hc4.r .; are r~aved, 3, new
fcrm ==at ,1wa~a Ie :,tarted for Lthe firrt.scrai: at. .ha new lo-

:=prpriatte type if terrain t.ý Le i:_11c.Vtx1 i:. 0,,e~ b:ca~
Locatilv .I uc=1 b c.!rzlcd. Urdinary .~:~;c:.'f the olb.;erver ia re-

,re3. .. eli'cal *t!:-e, t,. lIhe t.eamr.,. r.11 ute :i.2I~. :traIn
CA:;(2. 1'. Ceil.? mrpý:i.J to tIIc re'.-i-n- of j'.L-2

:..n.eter. Th r vl:L~rtr ~rClr.(3) .~e:Ib
fro.; t.hc --: irj..e0.er (:.-Z, whil.e -auc1 bove .5 F. At

* I* wer u:.rs~tea el'ther the term ;:x.tel ( &.-7) rc~i I'o t
- F. c~r the p5Xchrunetcr (M.-24) rea-dirs; JL' L 1 -35* F. ~eua"-.

o±r.. r.z.:ý be~..1Js for t-?'Ltw Lerj t::tie. ~ .

.h-e tlrr '----' Is t',,ove 25" F. :he Z1:r:t:.~C . 1 int.* pra-
Cr:.rn.r x. I-.~~tr(12, nteii~'- : ion 1:- c care-
fullJy :~e scr:eu '. ~ ~ 2 i obe ot..

r-ia, Ie i Cly oliv. (5) :;tv~i- i~ ** ..e n. wil 11

g09 RES7IXC1ED
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calculated at the Cold Injury Hospital Center. The current mileage,
Column (6) should b6 entered from the aneromter reading at the timez
indicated in Coiumn (2). ,,The mileage recorded for the previous ob-
servation should be included in Column (7). The speed, Column (8) and
the Wind Chill, Colu=n (9) should be left blank.

The wuather type, Colhcn (10), should be entered by choosing the
most appropriate of the 9 ty7,es listed on the form. The numerical
classification most applicable should be used, Column (Ui), surface
type, should be entered in the 3use waier as Column (10).

DISPOSITIO'" OF CO!M=PLT•E A•ITA7R FORM

The "Peginentil, Daily Y:teorological Observations, Korean Cold
Injury Study" form ruzst be cc:-pleted in dutlicate. Or.e copy is to be
forwarded daily to the Koremu, Cold Injury Field Hospital, Attention:
Weather Section. The Korean -•dross will be provided under separate
cover. Pertinent questions a,-A remarks can be informally noted on the
back of e.c-h for4. the other copy will be kept on file with the Regi-
ment, until completion of the program in the Spring. At that time, the
entire -et will be forwarded to the Cold Injury Hospital Center along
with the ir--truments.

lEST--TED
110 V ti IIW
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REGI}MtUTAL
DAILY MMR0Z(ii4CAL OB 'WATIO"NS

Name of fle&inent: Elevation: Meters

Location: Date:_ _ _ _

7-,pe of Terrlih,: Flat Valley K . ill .oimtain (circle one)

(1) (2)1 (3) (4) 5) (6) (7) (8) (9) (10) (11)
T1fE .• A'2' LZE Relative dI:; D ,

"Sched Actual Dry *,'et Huiddity rSpeed Wir.d hi11 Wea. Surf.
Local Loeal F F (•L Current Previous (mih) cal/l" hr ITM.1-1.'

0300 __ _

0600 ,___

1200__-- -

1500

2. Cloudy to overcast 2. Wet

3. B3lowirtin~ ow, s~Ar, or dust 3. :.uddY

4. Fo~' 4. Slushy

5.Drizzle 5. Snow: 2 1r.chc3 or less

6. Rain 6. Snw: 3 to 5 in.ches

7. Thur~der stnr,r- w52.h rain or hafl 7. Snow: 6 to 8 Jir.ches

8. Sleet ;.rd/or rreezitz rair. or mocw 8. Onow: 9 to U1 in~ches

S~ r.ow 9. Zwwo: .Fiko. or more

.2 ..... ,..-....

Us Cea z:ý rtly class, fi.a it'W. •j 4n, "."lca

- - -% . . . ....

5. Dizzl •.Snow 2 l.chs orles ?-':1:::'-" "
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INSTRJCTIONS TO

BATTALION WEATER OBSERVERS

INTRODUCTION:.

Knowledge of the environmental conditions (temperature and terrain)
which you have been directed to observe and record, is extremely imi-
portant to the future success of our fighting forces. Men and equipment
fall victim to envirorinental extreres, especially to cold and wetness.
By knowing these extremes, reliably and exactly, it is possible to do
research which, in the future, will reduce or prevent such casualties.

These data are extremely important contributions to your fellow .
fighting men. Accuracy is important as er.'oneous data can do more harm
than good. A conscientious attempt riust be made to-obtain all scheduled
observations. Only about 2 minutes every 6 hours, 8 minutes a day, will
be required. Scheduled tire for thdse observations is given on the data
sheet provided.

INSMUMhUIS AND USE: ,

Only one instrnsent, a pocket therm=oeter (Taylor Instrumert. Com,-
pany, Fouiel 23410, ranre -50 to +1206 F.) is required. This and a
spare will he peovided by the Korean Cold Injury Field Hospital and
must be rý'tarned to that Center upon the termination of this operation. . -

T .. s thermo.-eter is of a type with which you are, no doubt, famil-
iar. Te-aporature can b- entimated to the nearest decree from the 2
degree divisions etched on the ste.3. Care rust be taken to always use
the minus ( s) •n for teu:.po:ratures below zero.

The temperature slhould be raasurel about 4 feet above the ground,
in the shade (the body may be used for shade), and away fro. any object
which is emitting heat. The therm-ac.)ter should be uncasel and then - -
whirled gnntly on the e:d of a 1-foot string, in order to bring it to
complete equilibrium with the air. This is especially important if
the therm.am.eter has just been reroved from the pocket. It must be
shielded from rain drops and snow flakes.

OSE2.VATIOS:

Five-day data sheets, "Battalion Meteorolorical Obser-rations, Ko-
rean Cold Injury Study," are provided for the recording of these data.
The informAtion concerning location, required at the top of this form,
is eytremely important, Distarce an4 direction from ell-';nown cities
and latittde And lorgitude should be une-. It sheuld be obtained from
the Battalion S-2. A frrch form is alw-ys required fur tl?? first ob-
servation following movenent of the -i5ttalion Headquarters even though

% .. .- %. .
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the current form is only partia4y complete. The type of terrain to
be indicated on the line beneath the Battalion Hlumber should be circled.
Only the ordinary juidgment of the observer is required.

The date and month, Column (1) ard (2) need be completed only once
each day. The actual time of observation Column (4), should be within
15 minutes of the scheduled tire, Colt= (3), whenever possible, The
temperature, as obtained by the method outlined in the previous section
on Instruments aWd USe, should te placed in Column (5). Care =ust be
taken to include the minus (-) sign for temperatures below zero. The
proper surface type, Columns (6) through (114) should be estimated and"
an I placed in the column of the elassificatilo, most applicable.

DISPOSITION OF CM2L'-,-i WEATHER FI0 :.

The "Battalion, Iteteorolojical Observations Yorean Cold Injury
Study" forms must be completed In duplite. One cop; is to be forward-
ed upon completion (each five days, or.-.eer during movement) to the t

Korean Cold Injury Field Hospital, Attention: Weather Section. The *

Korean address will be provided under separate cover. Pertinent quest-
ions arnd remarks can be noted inforrally an the back of coch form.

Tht other copy will be kept on file with the request u:.til the
completion of the program in the spring. At that time, the entire set
will be forwarded to the Korean Cold Injwy Field Hospital alorg with
the instruments.

v o6
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MET'IROLOGICAL OBSEVATIONS S-4 ,

Name of Rego-ent: Elevation: Vterto"

Battalion !-.ber: Location: -

7ype of Terrain: Flat Valley Hill Mountain (Circle one)

Date.. ' : ' Te ' -..n SVB,.FACZ" TYPSE (heck those aonlicable)
Sche.4 Actual Drj" l Kit 1uddy Slushy Snow 2 Snow Snow 6 Snow 9 Snow 1

Sin or to to 8 to or morefeet
less in In in feet '

•_1__ 1 __•j - 5) _7 "1 8"9_,) .

100
11800

I 1800

12100

0600.'-

! IC ... - - - ---- -

I L I -_ __ _,

I 1 CO.
2140 ED_____ ___ ___

. .. . . . .-- °,

__ _ _io - , - - -..... ,.. . 2

I I 0 ,C t,,,..,, .- "1.:"-'

-- -- - 4 -

....-....-....-.....................-...................... ,...-.... >................1;-
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R~I•.{•'MTAL WE.AT]-E.R OI3SkRVATIOU KIT

a. I ca. thermomzter H.-7 (Arctic Pn.g).
1b. 1 ea. pjychrometer M.-24 w/handle
c. 2 ca. replacement thermometers for psychrczieter ML-24.
d. 10 ea. replacement wicks for psychrometer ML-24.
e. 1 ea. anemo.eter ML-80 v/wrench, oil and instructions.
f. 1 ea. "teteoroloical Procram for lorean Cold Injury Studty.
g. 2 ea. "Instructior.s to egimental ;eather Observers".
h. 100 ea. "Regi.ental. Daily letorological Observations" (200

additional copies will be forwarded under separate
cover.

notes;

a. A pole, pipe, or rod about 5 feet long and 3A/. inch in
diameter must be obtained locally for use as the anei-ometer
support.

b. 3 ea. Battalion Weather Observation Kits, included for for-
warding, are also contained in this carton.

, :~i.iFINA&L 1::I-•~ TIO*:S"

a. Anemometer Oiling-The anemometer TS--0 has been completely
oiled 'Lh tUh exception of the tVp oil cup. It must bee removed in
order to add the rotating cups to the main asserMbly. After the oil
cup has been replaced a•.n titghtened (with the wrench) its cap must
be removed and the cup hlf filled with thie liht grade in-trmuent
oil provided. Care munt be tken to see that one etAd of the cotton
w-ck In the cup extends about 1 i::ch dc-.r.:v.rd through the hole in the
center. Monthly cilings, as indicated in the instruction manu•al, are
"required.

b. Reading the Anencm-!ter Dial-The tens of miles are read on the
"scale ,.u-nbered from 0 to 900 opposite the ivdicator line etched on the
holc,,e out portion of tho aijaceat cut cut circle. (.en mile divis-
ions are =irked but not numbered.) The miles and tenths are then added
to this first reading as the a=a:uit indicat, cn the outer circle by

J the little pointer mounted on the tiny cog wheel under the upper left
rim of the dial.

MAM Iu:G I:;STUCT!O:.S:

Crigiral:; of the Dadly- '-!eteorolo~ical OZservatiens form are to be
disprch..-i an zoon as c.....ted, through t.os, to:

"Cold Injury Ilercarch eamn,
* 25th -Evacuation Hosnital,

APO 301
C/o E!, .an Francisco, zalif.
"Atte::tion: W~eather Cfflcer,-~~~r ": ,,: E-T,,IMT
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CO'PO1m.7.S:

a. 1 ea. "Instructiorns to Battalion w•ather Observers".

"b. 2 ea. Taylor pocket ther-o~eter (Rarge -50 F. to 120- F.),

I . 60 ea. "3attalion Y:eteoroloiicaj U•bervations,;:i Korean Cold L, jurv 31udy".

HlAILING I: .SRUeC7O1:s: :

Origirnal- of ;.he netcorolorj!cal for= are to be dispatched
as soon as cor.;pleted, Lhrouh charr.els, to:

• ":•Cold Injury Research Team,
"25th Evacuation Forpital

* -* F APO 301
c/o 1:, Jan Frarcisco, Ca•lf.• ~Attention.: WeLather Officor

0,

S116 ***;.+ -"' " *,
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EIGITH IrU.n-D STAi":%Z ATtY KOREA (EUSAK)
Office of the Coandaing General

APO 301

AG 7"01 MA. 10 January 1952

SUBJECT: Application of Weather Data to Local OperatiorAl Probles

TO: See Distribution

1. Reference letter this headquarters, AG 701 IWDA, 14 ;:ovetbter
19 5 1 , subject; ;Weather Observations for the Korean Cold Injury Study.

2. The followinr applic-.tions of weather data to local operation-II 4.. al problems are listed for your information:

a. Duplicates of the daily weather observations are rain-
tained at regirzental headquarter.•. From theze it will be possible to
note the exact we 'her conditions that existed during any operationI anii * that resulted in considerable cold injury. At -onc future date, when
a sizadlar action is contemplated or encountered, it will be possible
to ra!e an eztimate as to tie adequacy of the cloLhing worn by the
trcopa by cor.'pir.ig the currenr. weather data to that of the past ex-
periernce. Decisions can be -•de as to .he fur.:iihing of additional
or alternate clothing4 a:.d footear anr. a:; to the 1etZthenirg or short-

9 c:iin, of 1atrols or hours of Z!ýard duty.

* • b. Accurate reports on the fallure of .,earon.s aA equiper;t,
because of clir.atie stres, c, be rtmde. Failures can be aziticioxtedon the basis of a c-aio b~et-..uen weather data collected durirZ•
""ora past failure a&.- ctzrr,.*t data. For exasple, the tezperatitre be-
low w moich -otor veh:clez will r-t start wr rec,•il :cnh..nr=. ral-
ftr,ctin,; can be ..... ra..eý 1....c..,n, the wit.I speed at which auxiliar-
tic-do-•s are required fer tentn.e can be deterIn:ed, etc.

c. Comp-risonn of "h*- tcmli:4 stres-s on: ran, =nder dissi;m!lar
conditi -ons of beth di:d spe.- a:d.tcn.eratu'e, can be made from the
attacrd/id 'Ji!A Chill graph. Fcr ex.=..l, a ter.p.,rature of -1S8 F. and
a wind speed of 5 m.•h crca'eP- "he scre stres: as -21 F. al.:i 10 mph.
'" (at eath of thc;e ;e n of cu: ilo: the c.vooed cheeks of at, inactive
a'oldier w.ll (rý.kL beco:l e h•.:l and white.) This ih!orn.ation rvay be
uied to 3upplement iten a., aba-e.

d. The r-:im'i Le.-prature for th- r_-xt rrdr. can be esti--
z .-ated from the dew noir.t obtaii-.i fron the p 1ych-orýetric reaiinZ observei
duriiZ the previou= after.noo:% or even-Ini. U:.Vnls there i. a rkdisal
charige in the weather patter.-, usually ac:ir.'.panr'et by sloutly skies a4
a Lh',rt in wir.d iirectio'i, th .. rnlg te,-4*rttir'" -i,,ri.Z cold i-o•ther
will generally r.ot fall. more z.n five or ;ix F1 elsw -,he previsu_

"By? RESTRICTED.. Best Avaiabe Copy
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AG 701 PA 10 January 1952
SUBJECT: Application of ielther Data to Local Operational Problems

evening's dew point. (Psyro.ometric tables for determining the dew
point and also the relative humidity are attached. Accurate wet bulb
temperatures are required. Many of those currently being forwarded
are far too high, vidicatirZ insufficient whirling of the jxychroneter.)

e. Temperatures a-nd ground conditions at battalion level can
be ca -lred to those at tle regimental level and to each other in order
to give a clearer picture of weather closer to the actual combat.

f. These weather records will be helpful in describing the
enviro-naertal conditions tu'.er which operations took place when the
monthly regimantal I,5isor-.y is prepared. .

g. The height of thla puffy white clouds that form during
suv.y ofternrons, of interc;t to air liaison officers, can be esti-

mated by multiplying the difference between the terperature and dew

point by 225. This will gie the elevation, in feet, of the base of

thase cloris above the por-t of the psychrortatric observation. (Ac-

curate wet bulb temperaturzs are requi-red.)

BY COIO.OD OF ";!-•., VAN FLET:

2 Incls (s) John F. K010
1. Wit4 't1l Graph (8 JO., F. xCLO
2. Psychre:..-,t'ic tables xJorAC

a. D•w Point Asst A
o. Relative liucidity

DIST2BU'TJ.O1:
CG 2-0 rLf Div
C; 3rd Ir Div
C3 7th inf Div
CO 2.Pth -,f Div
CG 25th I-nf Div

CG 450th nf Div
CC- lst. arine Div

hjrnMFMATIO: T0:
CG I, LX :wi X Corps

~t
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COLD INJURY RES=~lH TEAM
25th EVACUATION IOSPITAL

APO 301, US AMnn
15 January 1952

Regimental Weather Officers.,
All US Regiments in Korea

Gentlemen:

The Korean cold sesion is about half over. Those participatinC in
the Cold lnjury Re'search Teamt; weather observinG program are to be coan-
mended. With ve-y few exceptions the weather reports received in this
cold injury -center have been excellent. They have helped in the antici-
pation of patient load in "ddition to their primary usare for completing
the picture of ccritions existing at the time of coli injury to men in
your regiment.

Your headquarters has recently received a letter from Eighth Army
Headquarters, Subject: Application of Weather Data to Le.al Operation-
al Problems, file AG 701 LIMA, 10 January 1952, indlicating 7 appli-cations of these weather data to local operational problems. With a t

little thought ýou can probAbly devise numerous other applications
which will mke -,ur op.pratlors more efficient and assist in prevent-
I-,; cold inj-y. !'-ttcrs Irdicating such additions are invited in
order tbat thay :•.y I-n *issemirnted to all regimental combat teems.

* The state of the wev.,cr is as vital to the ran in the bunker or tank
as it is to th• crew of at. aircraft. As the science of weather is
further develc~cd it is po-.s.ble to foresee special forecasts for op-

eraticna as r-'ll as squai patrols bef .4 which tha m-n will be briefed
on the w'athtr 7'rA Eround conditioas expected ani the elothing and
equipzeent zuquid. .d.

SAn: inspoction of tho re•jr-ntal weather formns, a recent visit to
a few of the rei .;nt.al weathor stations, arnd the reference EUSAK letter

gives rise to the following notes:

a. Cam•e !.uAid b- t.aken to cse that the oil on the anemoreter is
checked !.=Lhl'y. Tne oil cup on tcp must be rintained at least
h•lf full of oil zrA the cotten threatt wick must be maintained in
place in the main shaft.

/ b. A ta;'-J off r-ir•,:ttal vetther station is desirable within
which the ..-.:.:tcr, the arctic therrrz.:tc arA the psychreor•er
are - -. . h•T arctic ttherz,--'tr should be attzched to a board

* . aheut a fL-. w!, ani 20 - ch.'hs cerl. A block of w-c4 about 3/4
in. of a. i:.:h thick between th2, thczrn..o:_-ter ,nl the board, at the
V. wy tcp is .:.-~ an odIn er that the air is fraec to circulate

'- . t* ha " .;..'.. . bulb. This bo.r-ir sdrl,! bIr r.1unted cn a
=t -<. :' th:." t.e Lr'"t.r bulb is about 1i fk-.t ,bove tho Cround.

Le ,. .ci-.nt•4 east-west with the a i e. . p.e. d to the
r,orth. L."-.t w:y "-run.h- iill .-. t be ale to rc'ach tho ther-
ao.-.s. A .i; u sk,-J, about 1 foal seiare, is d-Z-:irable as a
rain r€'" "

119
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c. Greater care is required in keeping the psychrometer wick
clean in order that it will absorb the maxiwmn amount of water.
It. is sutgested that the psychrometer be hung on a nail alongside
the arctic thermoreter and that the wick be wet from a canteen
cup of water brought out for the observation. %hen the arctic
thermometer reads below 25 F. the 'psychrometer need not be used.

d. It has been called to our attention that quite often tore
than one weather an•d one surface type exist. In this case all
t)pes should be listed. For example, during a sunrjr day mud,
slush, amid ;now often exist concurrently. Colhmm L12) should
then be coded 3, 4. and 5. On the following night types 1 and
2 are -probable indicating patches of srad# and frozen groundx.

e. For estirmating tbo nminimum temperature for the next day,
as indicated in par. 2, d. of the referenced letter, far greater . "
care will be required in obtaining the wet bulb tcr, pratures than
has thus far been i,-dicated. It should never exceed the dry bulb
temperatures and onl, e.jual it in a for. Cbtaining the correct
wet bulb te•_yrature often involves whirling the psychrometer -

for 2 or 3 rminutes as (at wet bulbs below freemi:.) the water
on the wick must be co::.nletelry frozen before the wet bulb thor-
,om oroer will go below 32* F. Two consecutive readirGs alike must
b', obtained before it is decided the wet bulb temperature has
been reache!d. It must be read quickly as it will start to rise
at the ce~saticn of whirling. The hands must not be perrdtted
to touch the thermometer tubes.

f. Thw dew point, required in estiLmating mininmurm te.m-perature
for the next day and also for heit;ht of the puffy white afternoon
clouds (two uf the oF-aratinzlo usages indicated in the referenced

letter) is obtaincd tro. the p-,ychre•atar tables for dew point.
It J.s the nu.b-cr that i.n opposite the air ter.parature (dry bulb)
and the depression of imt-bulb therno.:nter (dry bullb minus wet
bulb) in one of the four tables stapled together. It will be
fotnd on cnl" one of theze tables as each table covers a different
range of tev.•.Žraiure. a,' dcpres-ions. this is also applicable
for deteradnii'Z the relative htrnidity for which 3 similar psy-
chroritric tables have been provided.

g. As indicated iii par. 2, d. of the referenced letter, the
mini•.un teaperature for the next day i.• the rWuged Korean terrain
is unttaIl4 about 5 or 6 i" colder than the late aftert.oon or eveti-
ing dew poi:its of the preccdtng day. This amount should be checked
at each iegine-tal W•.ather 3;'.ti-)n by a short veries of obser-
vations as it varien from location to location. T.his is only ap-
plicable wh,2n the .kKien are fairly clear of r.:-.rthinr but puffy
white afternoon clouds -uni their evening: re.v.n•ts and when the
wind Ulirecticr is fairly coastant ,as can be determined frc' t.he
direction of smoke).

RESTr2.1E
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lu I severe cold spell often follows a period of fairly wam-,
clouy, rainy, or snowy weather. Because of its sguden appearance
much cold injury often results. By observing the rat& of fall of
dew point it is often possible to 'aak a f'-irly reliable estimate
of the low temperature to be expected the first clear night. If
after a spell of such weather, the wind direction one morning or
"mid-day shifts to the west or north, the precipitation ceases, and
the skies clear or are left with only low puffy or ragged white
clouds the dew points should be observ-d carefully. Consider the
following example:

Time 120 1400 1600 I=0
temperature (0?.) 30 30 2? 20

VDew Point(VP.) 28 20 13 8

An esti-_ate of sub zero teserature for the next morning would be
appropriate. The dew point Is still falling and the termperature
will closely approach the dr4 point. (On the first night follow-
ing suCh a sequence of weather the temperature will approach but
not reach the dew point. On the next night, the usual sequence
of the temperature forcing the 4ew point down a few degrees, par.
"g, above, will be re3sued,.)

i. Obtainhir- an accurate dew point is often difficult at low
temperatures as the wet bulb depression may be only a few degrees.
For greater accuracy, both the wet and dry bulb terqperatures
should be observed to the neare3t tenth of a degree.

". he regitental anec-eter can be electrically connected so
that th* instantaneous %drd specd can be obtained. Knowledge of

* !the rzsnitude of 3pced as indicated in par. 2, b, of tho referenced
letter, 13 irportant durirg high wints when tentage and other equip-
ment are endantcrvd. Only a s3mple seriel circuit connecting the
right binling post (on the back of the dial) to the groutding
binding post on the botto.3 of the support through a flashlight
bulb, .w batteries is required. The n•-ber of fl-shes per minute
is equivalent to the wind sp.ed in rph. An on-off switch should
be -introduced into the circuit to lenethen the battery life.

k. All weather personrrl are reqrues ed to ,wird carefully a-
gainst the breakage of ther-mcters. These are currently in very
short spply.

"",,uestions con.errninr prublem3 arising on the weather nrcgram are In-

vircd. Kdzest regards to the wnl on your weather teams.

Sincerely*

S;aptain 1!,AF
.Fteorologist

121Rrrc o
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HEADQUARTERS
-14th IN:FA•'TR P- IT .T

APO 25

20 January 1952

SU&TECT: Cold Weather Observation

TO: AI-RL Cola Injury Team
25th Evacuation Hospital
APO 301, c/o Postrmaster
San Francisco, California
Attn: Capt. Noran Sissetwine, USAF

Received your ricent letter giving cocaents on recent inspections "
of Regitzental.Weather Stations.

I a.3 encloirig a picture of the l',th Infantry station and a few
of the major coi-nants which I believe will atisist other units in op- ,
crating and maintaining a auitable weather station.

First of all, wv have stimulated interest in our wiather station,
"T1he Ln'.x Muteorologica1 ObservatUon 3tation", by setting it up in an
attractive nanneir and in a conspiluous place. S',condly, my chief assist-
ant, the intelligence sergeant han taken a great interest In weathir
,stuJy a.4 persons.. y takes the r.iirL-ntal readings during the day; the
night az•istant, displayini rreat Interest t:.(es the required realire-s
during the hours of d.-ukncss. Th.rdly, wa have all units of the PRgi-
rent "..athar co-qcioun. We rcccive itu-!roua calls, so:ýtimns numwerirn
20-25 doily req stinZ up to date weath.,r inforrition. We have publicized
our sr.tiorn in 0!.1 1e;c•.w.ta ?'cwz-pap.r, consfiqu,!ntly we recelve calls
not only from our own r~gir--nt, but frr.- attached units, adjacent units
and at ti-.us wilts on divi.;iori level. Fotarthly, our battaliors have
set up i!"dividual ntatlons and are iaIntaiuni elaborate weather charts
zhowing wiiather a;n,1 tcýsperature since 1 December 1951.

We hive used the weather lnfonz.tion 4airied for many purposes.
Fairny v! barve uf•ed the inaor.=ation for pla.nni•i,: purposes - patrols,
r.ai'i, e-ouýhes, etc. I w'u.1d like to ra-cc::-rd that, in the event a
weathir sti~ly is conAucted in 1952-53, thcrnmczrters be furnit.•Jd to
s-fficient qut:,tity to a&'tcv cc-'"r•y weathor ren to be appointed to
ra.'ntair hout'ly iwather c'-r.,-nes in each cec•pany localit). I believe
the wdditional cont would be over sd by the additicrd information
gained and the -.dditiow-l interest displayed.

(n David F. Byers
(ti DAVID F. BfEM2IS

K.jor, Infantry
3-2
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HRADQUARTER1S
4lth INFANTRY

APO 25

30 VTarch 1952

SUBJECT: Cold Weather Observations .

TO Captain Norman Sissenvine or OIC
Signal Section, Attn: Weather Unit
EUSAK Advance
APO 301

f1. In reference to my conversation with you during your last, visit
"to our headquarters, the following list of observations obtained during
the period 1 December 1951 to oate are submitteds

a. At a temperature of 10", the original diesel fuel oil used
in the tent stove M 194!, becoxe slushy. At a temperature of 3*P the"-
diesel fuel oil became thick slush and would not flow freely into the
etove generator - therefore causing iany malfunctions.

b. At a temperature of -30, vehicles were extremely difficult
to start, evcn though they had received a conplete winterization check.
The 12 volt vehicle was considerably more difficult to start than the
6 volt vehicle. - It was found that at temperatures of below 0% that if
vehicles were started hourly and permitted to run for a five (5) minute
period, that no trouble in starting was experienced.

* c. Vany vehicles expriencid brake trouble durtnZ t•mperatures
of 20 and below. .This was dne to the vehicle at times being required
to ford strea-i3 of varying derths, causing water to slosh over the brake
drums and wheels. It was found that the freezing of brakes could manytimes be eliminated by the driver depressing the brake pedal while the

vehicle continued in motion for a short distance.

d. At one time during the month of Doce-ber 1951 a temperature
of -10 wps noteed between recorded p.rlodn. Wnhle traveling through a
deep defile on 17 December 1951, a terporature of -251 was noted. The
low tomvperature that date in the Regimcental area was 10', a difference
of 35* It was also noted that in this z-ue defile, the roads retained
icy for a period of 9 days after other roads in more open areas had
become clear.

e. The flame thr-wer M2-2, used by our units, using the napalm
mixture, was effective at temperatures of -1*.

123 EiC D
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f. Maximum, Low, and Y.ean temperatures by month were: i

______m LOW Mean~

December 1.9. -7& 29'
January 43" .-5" 12'
February 4.30 -6- 23.
March 590 9' 340'

(s) David F. BlYers
(t) DAVID F. I3WMS

Yajor Inf
S-2

j24 S.C~

.. o,
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H.EADQUARTERS
EIGHTH~ UNITED SrATE APM1Y KOREA (VuSAK)

Office of the Ccwanding General
AMO 301

AG 000.91 KS1X 24 February 1952

SUBJECT: Change of Responsibility for Supervsion of Local Weather

Station Program

*Tos See Distribution

1. The program establishing local weather staticns for the col-
lection of data to be used by cold weather injury teams has resulted
in the incidental use of this information in planning and in operations
in all echelons of th-e m-and. Reports reaching this headquarters
offer substantial reascis for continuing the program until its fuller
applications have b.-'n studied by higher authority and a decision
reached as to whetlier the operation of this service should be provided
for in Tables of Organization and Equipment.

2. It is therefore directed th~.t, effective 15 P~arch 1952, the
Assistan t Chief of Staff G-2 aisee general staff supervision over the
cont 4 nuance of the weath-er station program to include responsibility
for the dissimination of data to interested units and staff sections.

3. Effective 15 .arch 1952, the Signal Officer, EUSAX, is direct-
ed to assume responsibility for the orperatioral control of the weather
station pro~r;• in Eighth rAr-4, to include surervisit.n of weather
station oerations, the provition of the nmcessary, cteorological
equi.rnent, the com.pilation of data, and the teclnical training of
weather observers.

". Effective 15 •arch 1952, all reserve stocks of meteorological
equipent now in the hands of cold weather injury teams, stock records
of equir.ent in the hands of using troops, and -- t c.x.rience data as
has been compiled on replacement factors for this equipment will be
t.urned o'ier by the cold weather Injury texams to the 181st Signal Depot
Conpn"y (Army).

BY CO•.•.D CF CGzEq.AL VAN FIEET:

(s) David J. Reins
(ti DAVID .1. P2INA

Distribution: Yajor, AGC
D &S Asst AG

""iSTR:CTED
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COLD INjU•Y RSARC• m TEAm
25th Evacuation Hospital
APO 301 U. S. Army

9 •arch 1952
Regimental Weather Officers
All US Regiments in Korea

Gentlemen:

The tranamittal to EUSAK of daily naximuib and minimum temperature
and f,6) weather types is werking szoothly and provirg of definite plan-
ning and forecasting value. The increase in accuracy of forecasted
minlu temperature. has been noted'by the 30th Weather Slusdron fnre-
casters and the front line installations receiving these forecasts.

Clarificaticn is required on only one pitnt. Frequently an ."
improbable combination of weather types is reported. For example, code
I and 5 or code 1 and 9 have been often noted. These indicate clear to
partly cloudy Ales with, in the first case drizzle, and in the stcond, -

snow. It is suspected that the code numsber for the surface type is be-
ing erroneously added in the mornlng messa.e. Only the code for weather
type or types s•hould be included. -he morning weather message should
not include weather types I or 2 if one or more of types 35 through 9 -'-

are tran---dtted.

As indicated in the article "Eighth Arry Keeps Weather Info File*,
In the 7 !'.Nrch 1952 Stars and Stripes, a continuation of the weather
prgrpn is planned. Ch.Mrnes in the program itself, as well as in the
MTE arc• nticipited. Captain G. D. Dean, Signal Corps reteorologist,
is current. 1 y working with r:o in rep-.paration for the transfer of this
re-p.nsibility. Yru vrill be nctifitl of changes as soon as possible.
In the aan tims you are urecd to give thoueht and foi-,Ard suggestions
on the ei.plification of the progrcnt required in order to increase its
value at r~inenta1 level. Such fzctors as river floe-i srage -warnings,
local trafficability forecasts, zq:-d tolerance time on arabush patrols
(in cold woather) are being .onsidered.

The past winters proZgrm. has traversed a very rcturh Korean type
road. Rotation of %ay personnl, Instrur.ent breafiage with consequent
supply problenz, and lack of sufficiernt and trained personnel on both
yours and our erd of the rproeram were some of the rajor bumps. However,
chiefly due to your efforts, the prog•r••m has proven a huge success.
Please continue the good work.

?ýV kindest regards and thanks to the men as's.1.ting on the program.

Sinc-rely,

Nt) ,o:-an Sisserwine

C' ptain USAF
Xe teorologist

126 ESTRICTED
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DoAxINY mV2aGs OF TN(flATME AD 3NDCHUL RMI

W=~S MTMTUITURE AlONG U.S. FRO~r*

KoMA 1951-52

*Regireflts in res',r'e north of Chunch:-n included-
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DAILY AV•A•ES
OF ENVOR.,MTAL DATA ADSOG U.S. FRONT

DATE Avr. Temn. I Lowest Ter~.* Avj?. Wind Chill
No. ('F) -flo. _(°F) *rt4o. (K cal/±Zhr)

16 Nov. 1 56. 1 39 1 &0
17 1 L6 1 32 1
18 2 41 2 26 1 522
19 2 45 2 24 2 4
20 3 44 3 20 .2 H61
?1 4 46 4 23 . 4 _______

22 4 242 4 2765

2_ _5 ___ 27525 -

25 5 23 1 6 10 . 661
17 7 -2 _97

7 21 a 7 5 876
28 8 20 9 .. . 6 -7

8 29 ? 10 15 7 626

0; 9.. 28 10 10 a 610
_____o ____ ,____.. ._o__ o I " _____R _ - . . .

2D,. 11 32 1o 126 102• U• •, 12• f ." n -- 646. •---- ":::
H: .; 2 1 .11" 5-- . ...

14 9
5 174 .-- "1 c %o •W,-'6_ __-
-6 14 ~14 34i 1 (..03

1". ~4 20 13 1 5-7

8 14 J 1 2 18 , _ _ .__ .._ 2.
92 UJ•- 0 15 16 1 12"" '_"

__ __ __ :• I -' !.... . 2 • . j 1,,2 J

Il 1 33 16 2_0 11 j.6ýco___
L2 15 32 1T6. 15 14 0

•- -- 13.• r••- -6- 12 7 ' - - ::'"

4 1 25 116 6 1 2
14 22 1 5 10
_16 22 17Z 4 1 __ __

j 6 f 17 4 1_ __

18 - 15 31 J 7~ 1.2 14 ____ 04____

33 V/f 14 ~ I~55
2.0 17 17 1 7 16 601

i2 15 .L2 53 1 7 1 2 fl I 02

U4 .I.5
254 13 ___2_

'Lo'wet tezperature recorde.l icludln , all ý .rlmcnti and Pettali:ns available.
-. u ,r of .-;'i'Jments fi- which data war, available.
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DTE Avg. Lon ' /west ' Temp.* Avg., Wn hl
Temn. Wind Chill

28 Dee. 16 14 16 1-9 14 81. k~29 1- 3 9 -. .. 17 1.2 8
30 1 s 17 , -11 14 ,,686
31 R 28. 17 6 z

I 18 17 -4 14 762
2 5 8 is 1- 3 i22
1 16 1 26 17 ,, 7 14 ....
4 1.6 1 26 7 1 4 1 723

- 6 420 18 -5 14 1 718
16 21 19 2 15 7527 7 --13 21) -8 5• 85:7

"8 is 13 20o. -10 .7 1 832

10 20 8 2 0 -0 19

S11 20 17 20 -2 1•795

10 1760

13___2_2 -9~ 18 9

1 13 9 2A 19 -?, is •645

12 28 20 3 16

171 0 2 18. 606

is I L 2. -i i______
1 is 26.. 20 .... '2 1o .17

20 is 29 _ 20 12 is
i231 20 a 2 -2 20 703

22 20 10 2-0 -1 20 '47
20 4 10 0 -122

2 2020 -62. 3___

24 i 220 -2 .8 743

20 . . !. ' _ is _ _ _",_~2'? 1 ? 17 ...... :1 3 .. . 6 ,625

S219 34. _ o 18 . 606
29... 15 _. . . .. . ..7 .,,.2 14....... .2 .... 67....0 z? 19' 20 ... 1z
31 1o 6 12- z ?

""I Feb. 20 129 2o -2 2;0 803
.. i2 20 10 20 -6 20 -231

4, 19 9 20 -12 18a•3
-12-• 9 20. -1.8 15 L-39

615 - 1. 13 ,-10 15• 750

812 23 20 -2 _ 19 E 60!1-

13 20"'"1 1 19 1,,' 19 1,,ro5

S,. RTIE

,.-29
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i RESTR!CT-D

DAT Avg. "'Te•. Lowest 'Tem•.* Avg. Wind Chill

"**No. - f) " "o. ('T **No. (K ca1/_TM/hr)

14 Feb. 20 31 20 20 19 600

20 33 18 20
H1 20 2 20 6 1 18 652017 18 A . 20 -1 780116?9 20 -1 - y7• i19 19/ 1.9 1?-•7 S . 8

.20 - 9 1 23 9 1 1.7 1 "73
.. 21 ... 16 1 25 .19 2 •14 725

22 16 22 19 0 14 .59"~~~~3 -3• 1 J < 5 15• 87
i24• 17 123 49 I j 692,

• 516 2!ý 12 12 684•
2 3 216 2 40 .0 14] R2.. 27 17 2 G 10 ios•_ 6o 2

28 20 .2 20 1. 6192
1298 is 29 20 ,1_"6 677

1 I{zr. 19 32 12 177
2 *19 21 20 11 .9 728

3 -1 9 2 20 10 1o 852
1 1 , 22 20 2 1 83' 76• 5,9 a& 20 2 is_ j2-3 _

Stx 20 3 20 8 19 2,4

8 20 . 2. 0 21 17 62,
S 6 o 19 1. 79

10 32 20 R____=_5
;l 20 _ _2 20 12 I1- 52

4^0 0 2.0 12 1.3

"15 20 1-1 19 22 19 Q16 19 , 2 , 19 23 Me,1
17 .... 15 9 22 L.

18 4i 14 24 15C JL. 54
I R2 -43__ 15 622

21 17 .3 1-0 118 17
22 U18 o i [ 21 is 6C3

'' . 23 j 7 . 3/ 8li ... .. . 2

25_ 17 .____ , i0s .__.?_._ _" .. 16 1 19 1.•3 ...12

.. 68 [ e __o 2 _2 1 51.

28 1 2 2J,3 1 25 ...
29 

'-31 1.. 20 1 21--- _____ i 2049

130 pr,. ', E,
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MONTHLY •1VIR0 FAL AVF]AGES

FOR EACH U.S. RFZDGIT

Days LC-dest Ave. MKn. Mean Ave. Max. Highest Average
REGIMENT Avail. Temp. Tem T T TeM Wind Chill(O.) ('5 "* ("g) ("F)* ("F5 (K .I2/Mýh)

(No.) (OF) F)r ~i hl

(NOVDM

1st Marines 0 -. . . .....
5th Marines 0 - -....
7th Marines 2 18 21.0 30.0 39.0 39 -

9th Infantry 0 - - - - -
23rd Infantry 0 - - - - -
38th Infantry 0 - - - - -

7th Infantry 0 - - - - -

15th Infantry 0 - " - - -
65th Infantry 3 .21 26.3 . 30.3 34.3 40 * 40-
17th Infantry 3 12 17.7 25.7 33.7 40 700
31st Infantry 13 7 23.8 33.0 42.3 57 629
32nd Infantry 14 7 21.4 32.5 1.3.6 59 639
5th Infantry 5 12 15.2 23.4 31.6 10 x
19th Infantry 4 12 16.7 26.2 35.7 42 638
21st Infantry 3 7 10.6 21.0 31.3 38 733
14th In fantry 0 - - - - - -

27tb Infantry U 9 25.2 31.8 38.5 60 737
35th Infantry 9 10 20.8 28.0 35.2 55 784
160th Infantry 0 - -...
223rd Infantry 0 -. . . ..
22!,th Infantry 0 -. . . ..
179th Infantry 0 -. . . ..
180th niifantry 0 - - - - - -

279th Infantry 0 -. . . ..

(DECY.IMt)

1st Marines 31 -11 21.0 29.5 38.0 54 665
5th Varinas 31 -1 20.4 28.5 36.6 52 693
7th FArines 27 -3 21.5 29.4 37.3 53 694
9th Infantry 28 1 21.2 28.8 36.5 46 630
23rd Infantry 26 -7 17.1 27.3 37.5 59 642
38th Infantry 3 17 19.0 31.3 43.6 45 605
7th Infantry 23 2 22.3 30.8 39.2 49 556
15th L-•fantry 15 10 25-5 31.2 36.8 47 627
65th Infantry 15 3 20.3 24.6 29.0 40 M
17th Infrntry 31 -16 18.6 26.2 33.8 49 700
31st L-'antry 29 0 21.1 30.0 38.9 50 623
32nd Infantry 31 0 20.0 28.6 37.1 51 643

5th Infantry 29 -8 18.3 27.7 37.1 49 667

19th Infan-try 31 -8 19-5 23.2 36.9 53 616
21st r£nf-.ry 30 -16 15.5 26.0 36.5 47 699
lLth rnfan'Lry 31 -7 18.7 29.0 38.8 49 653
27th Infantry 18 10 25.9 31.5 37.1 34 729

X Data Mi.sing. P ES T T TD E
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10$ loweat Ave. Kin. Mean Ave. Kax. .ig-.et Average

REI. Avail. T . Temp. Temp. Teo Tern,. Wind Chill

(No.) R (-F ) (#F) (-F) (K caA•2 /1hr)

(F.c) 
:F

(DECO2IB)

35th Infantry 22 2 24.4 32.3 1,0.2 50 658

l6• thInfantry 0 - " . .

223rd Infantry 0 . . . ._ -
,

224th Infantry 0 . - .

179th Infantry 0 - " " - -

180th Infantry 0 - - -

279th Infantry 0 - - - " " "

(JANUARY)

Ist Farirle:. 31 -7 9.2 20.2 31.3 39 769

5th Farines 27 -Z 11.1 21.2 314.1 9 812

7th Marines 27 -j6 12.r 22.0 31.5 1. 79 4 7"

th Infantry 31 -9 10.9 19.8 28.6 40 1018
9th Inrantry 1 -10 3.7 18.6 31.9 42 722

23rd Infantry 30 -1 5. 186 39 2 723Sth Infantry 21 -6 13.4 22.4 31.4 40 766 ;'

7th Infant y 23 2 15.5 23.8 32.2 1 7108

15th Infantry 26 -5 14.6 24.7 34.8 49 m

65th Infantry 25 -8 16.8 22.4 28.0 w0 702

17th InfantrY 29 -7 7.8 21.7 35.6 50 809

31st Infantry 30 -2 12.5 21.7 30.9 14 702

32nd Infantry 31 0 12.9. 21.4 29.9 38 713

5th Infantry 31 -3 10.0 19.6 29.1 38 772

19th Infantry 16 -5 6.8 18.2 29.1 40 744.

21st Infantry 27 -10 7.2 18.4 29.6 1,2 761

14th Infantry 28 -5 8.0 19.9 31.? 13 755

% 27th Infantry 0 -1 - --
,'

3'th nfantry 30 -1 12.1 22.6 33.0 u. 700
160th In"antry 10 -2 12.3 23.2 34.2 43 697

223rd Infantry 3 -5 11.3 24.4 35.6 39 691.

224th Infantry 0 - - ---

179th Infantry 21. 0 14.1 22.6 31.2 13 647

2.80th Infantry 23 -7 9.6 20.6 31.6 41 721

279th Infantry 25 -7 . 10.0 20.0 30.0 40 662

(FEFORYARY)

1st narines 29 -5 u1.6 22.2 32.9 1.6 762

"5th Yarines 29 0 13.1 22.4 31.8 42 786

7th atrInes 27 -3 11.9 21.2 30.4 39 790

9th InfWartar 29 -5 12.6 21.6 30.5 47 M

23rd 1rfP.7nLr7 29 -6 12.0 22.2 32.5 43 763

3Oth Infa:zitry 29 -4 13.2 22.7 32.1 43 759

7th Ir.f-ntrJ 2; -3 15.1 211.1 33.1 49 711

15th In --tr" 29 -5 21 .0 22.8 34-7 t4 617

65•.h Inff•nLJ 25 -;. 16.4 25.5 36.6 46 724

17th in-antr7 23 -5 14.0 29.8 35,6 47 61.9
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Days Lowest Ave. Kin. Mean Ave. Max. Highest Average
RE EN Aval. T . T4. T . Te p Te Wind Chill

(No.)' ( w FF.) F(F (w) (K caM 2 /hr)

(FEB3RUARY)

31st Infantry 26 -3 12.6 22.6 32.5 1,6 729
32nd Infantry 25 -3 11.4 21.0 30.6 45 766
5th Infantry 9 -5 4.6 14.1 23.6 36 847
19th Infantry 0 - -, . ...
21st Infantry 0 - . . .
14th Infantry. 23 -6 13.9 23.9 33.9 U. 707
27th Infantry 0
35th Infantry 23 -2 15.3 24.0 32.6 16 64
160th Infantry 29 -9 11.ý 21.6 32.1 A8 716
223rd Infantry 26 -10 10.9 21.6 31.9 42 748
224th Infantry 14 4 18.0 26.2 34.4* 42 717
179th Infantry 27 -4 12.2 22.8 33.4 47 701
180th Infantry 29 -6 12.0 23.0 33.9 45 715
279th Infantry 29 -5 12.3 22.8 33.4 68 680 S

(MARCH)

Ist Marines 23 10 24.5 36.4 .8.3 65 657
5th Marines 25 9 23.1 35.0 47.0 .67 644
7th Marines 20 5 24.1 34.5 44.9 66 718
9th Infantry 31 11 25.4 35.4 45.4 60 749
23rd Infantry 31 8 24.6 35.6 46.6 63 646-
318th Infantry 31 12 26.5 37.2 48.0 61 563
7th Irfantr, 30 20 29.9 ý5.0 46.0 63 567
15th Infantry 30 12 26.8 33.7 50.6 68 499
65th Infantry 31 14 27.0 35.7 46.4 60 572
17th Infantry 31 11 25.4 40.4 55.4 68 534
313t Infantry 29 13 27.7 38.0 18.2 63 584
32nd Infantryf 31 13 26.3 37.4 48.5 63 578
5th Infantry 0 - - - - - -

19th Infantry 0 -. . . ..
21st Infantry 0 -. . . .
14th Infantry 30 9 24.4 31.2 43.9 59 594
27th Infantry 10 25 31.2 41.5 50.9 61 583
35th Infantry 28 a 20.3 27.3 34.3 L5 904

160th TIfantry 28 12 26.6 35.9 45.2 57 589
223rd Infantry 21 2 20.6 32.1 43.6 56 656

221,th Infont ry 29 8 25.4 35.3 45.1 55 630 •
179th L-fantry 30 8 24.6 30.0 35.4 60 610
18(0,h Infm.ntry 29 9 25.4 36.1 46.8 64 623
27ith Inf',ntry 30 6 25.6 36.8 48.0 68 600

134 -,EStt-,I .'
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STATION3

Station No. Location* Elevation (meters)

1 CS 313983 s0 o
2 CT3•l0139 sO
3 Cr 237160 40
4 CT 269239 so
5 C T318282 120
6 Cr 300296 185
7 Ct 323307 120
SCT 508344 220

9 CT 583344  220
10 Cr 630365. 20011 Cr 666395 604 ?.
12 CT 780451 260".
13 cr' 8394,56 235 •.,

14 -~CT 88042820
15 Cr 855166 100
16 DOr 123359 350
17 Ur 161329 386-
is Dr 201386 1181
19 Ur 250370 0
20 DTr3a7413 480
21 UTr 313405 160
22 . D 301206 340
23 CS 725927 100

AWS Stations

U1Jongbii CS 2878 ,0
Chunchon CS C892 85
Kwiandae-Ri DT 2106 170
Seoul CS 2158 30
L.ngnung DS 9078 20

S1000 Meter Univernal Trarsverse Mercator Grid.
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•MOTILTY DATA USD IN MAPl••C DISTIMIDTIONf''
OF T mpFBA?1JR IN COK(BIT M*I~

Station No. I M.i. Ave. Min. Mean A"e. Ma. L Max.

1. -- - -

2 2 22.3 "08 3.2 I49

9 - - - .. _ -
..

5 4-7
7 - -? 

.1""",

a -. 
-.- .! ".;'

12 -16 15.5 260 ;6.5 67

13 -. 18.3 27.6 37.1 4.9

15. -. 19.5 27.9 36.9 53

15 --

16-
17 0 20.0 2-.3 37.1 5

is- - 6-

" 19 -16 ..6 2
"20 -16 20.5 23.4 36.6 .52

21 -11 19.. 28.2 37.1 5k.

22 -3 22.9 30.6 38.4 53

23 - -

AWS Stations

UijongbJ 5 23.9 32.5 161.1 5.9

C•u•.chon 5 23.5 33-1 42.8 56

twandae-Pt 3 23.3 32.6 41.6 55

Seoul 12 26 34.5 535

aznug 20 32 1,0.5 5.9 65.

*DAta used only when location was occuspied on at least 85% of the days

of the month.
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OIMThLY DATA USED IN HAPPDiG DISTRIBrIOK
OF TD•TATM I Ck-AT ZM*""

JANUARY

Station No. I. •in Ave. Min. Yean Ave. Kax. I Max.

2

3 I. 14.5 23.6 32.5 IaI
4 4 16.8 22.2 28.0 1,05 ... . ..- -

6 0 14.1. 22.8 31.2 43
7 -7 8.7 19.0 29.3 39
8 -6 13.4 22.4 31.4 40
9 -5 7.7 19.4 31.2 43 ,,10 -10 5.7 18.8 31.9 42

11 -2 10.9 19.5 28.6 40
12 -10 7.9 19.0 30.2 42
13 -3 10.0 19.8 29.1 37
14 -5 8.9 20.5 32.1 40
15. -1 12.1 22.8 33.0 41
16 -2 12.5 21.7 30.9 44.
17 0 12.9 22.4 29.9 3818 .....--. .- -.

19 - -. -
20 -4 9.4 V0.0 30.6 4621 -7 9.2 .2.2 31.3 42
22 - ---

23--- 
--

AWS Stations

Uijongbu 1 17.0 25.3 33.6 43
Chunchon 0 15.6 25.2 34.8 43
Kwandae Ri 3 15.9 25.1 34-4 44
Seoul 5 18 26 34 ..
Kangmig 10 26 32.5 39 50

*Data un.ed only wýhn lo,-ation v-s occ'Jird on at least 85% of the days
of the month. (Exce;ptions noted on janu.-.r$ map)
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MONTHLY DATA USED IN APPOIG DISrRITION""

OF TEMPERATURE IN OOMBAT ZONE*

FEIMUARY

Station No. X MKn. Ave. Kin. Mean Ave. Vax. x Max.

1 -3 14.9 .23.9 32.7 ' 9

3 -5 11.0 23.3 34.7 1.6

5 -. 12.0 22.8 .33.9 4

7 -5 12.0 22.9 33.8 1.8
8 -4 13.2 22.8 32.1 43
9 -6 12.0 22-3 32.5 ,.3

10 - - - - "
11 -5 12.6 21.6 30.• . 17
12 -10 10.9 21.1. 31.9 42
13 -5 12.8 21.5 30.2 42
114 -9 11.2 21.6 32418
15 -2 15.4 25.4 '35.4- 46
16 -2 15.1 24.6 33-9 47
17 . ..- -"'

19 - -

20 -2 11 .9 ;12.1 30.4 39
21 -5 10.8 21.1. 31.9 4.2
22 -3 14.3 23.6 32.9 46
23 - - - -

AWS VIATIONS

Uijongbu 0 15 24.5 31. 47
C,...nchon 0 16 26.0 36 46
Y.wandae Ri 0 16.1 24.8 33.6 44-
Seoul 3 17 25.5 34. 46
Y.Pngnung 12 23 29.5 36 46

*Batta used only d~ten location w.as occupied on at. 1ea~t 85'% of the days
of the month.
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MONTHLY DATA USED IN4 MAPPING DISTRX7IBUTION
OF TEMPMATURE IN COMBAT ZOE.* ¶

MARCH.

Station No. X Min. Ave. .iv. Mean 4ve. Max. x Mlx

1 14 27.0 38.1 46.4 58
2 9 24.8 35.9 47.0 68
3 12 26.8 39.2 50.6 68

5 9. 24.7 35.8 47.0 68

7 a 24.6 35.3 46.0 60
a 12 26.5 37.1 48.0 61
9 8 24.6 35.5 6.6 63

10 - .- - - -,
11 a 25.4 35.7 465.4 60
12 - - - -

13 a 25.4 35.2 45.1 55 .

14 - - - - -

15 11 25.4 4.0.4 55.4 68
16 9 24.4 34.1 43.9 59
17 

.- - -

is 8 20.3 27.3 34.3 38
19 ..... ..,
20-- -

21----
22 - - - - -

23 13 26.3 37.8 48.5 63

AWS Station.

Uljcngbu 14 27.7 38.6 49.6 63
Chunchon 14 29 39.5 50 65
Kwandae-.i 12 29.1 37.6 46a. 60
Seoul 18 30 38.5 47 65
Kangnung 17 33 39.5 46 65

D aita uned only when location was occupied on at least 85% of the
days of the month.

R. ESTIr

• . . . -.... .~~. .... ._.• .-. • .-.. • .•_ . ••-



ARMY MEDICAL RESEARCH LABORATORY
FORT KNOX, KENTUCKY

REPORT NO. 113
LLI I April 1953

COLD INJURY -KOREA 195 1-52*

Section 11

'-AV~' EVALUATION OF THE SUPPLY. UTILIZATION AND
ADEQUACIES OF WINTER CLOTHING FOR THE UNITED STATES

ARMY IN KOREA, 1951-52

*Subtask unader Environmental Physiology. AMRL Project No. 6-64'-12-
023, Subtask (Sit). Cold Injury Studies.

a~~C- -:r'z-z2.

MEDICAL RESEARCH ArI` CEVELOPMENT BOARD
OFFICE OF THE SURGEO!'I GENE~RAL
DEPARTMENT OF THE ARMAY



SIcTioN n!

AM EVJALUATION3 OF THE SUPPLY, U.TILIZATION AND
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AN EVALUATION OF' THE SUPPLY, UTILIZATION ANI) ADEQUACIES
h ~OF WINME CIOTHW3, FOR MEE UNITED STIATL'S ARMY IN

KOREA, 1951-52

I . . ..... °I

22..

Afet bahe tapprorach to th pnaevuntio oaer, cootdinureas otrbougy

cltheissu mfaydequate aollowerte lting ofd body tenpeatre indotreycold-

natirormoftros. in tddeirpone e adeqat irotecution ofev wenergeutibe

;anide aetioclothn alllvlsto failithtes applicaio of btyheate Futer

ca Coldb exeurciesfrqednto y in cure that th deuae clothingisrorl faitte

to preindvide ualcin tox Inoidlantionten Aith cthenora circludigoo-

:' i

gtion ofu bod es~ltgfx constrie, ic tivosesfo eiatios Tiaht ofth- od

clting, mscaly boo~t.gcar lhowleerigo bod empornturderi wext-coeld oldr

coldmnets conaditionssc adeqaate preoaention ?fra Tetrm fwetnessldsWb

prees to I-ean clonthinly o facilitates r a i ss of body heto.6 F. rthier

tare rtber exerycised"rer to icnsr that thelothingrtis proerloy fitteF.

to n1- i en eridal the av~oids a ony ine rn. it h tates tormoal circulra

duigthe term tery- d o efer to1-. opeatng in"t th-e fr-ard reas eownsisted

of the3 followirl' itrzs:
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,- •! VALATONOF HESUPLY UILZATONM• ADCSACE.VI gS~ lV

i F INh ...... OR. NTE SA,•$ •YI

. . . . . . . . . . . . . . . . .. . .

. . . . .. . . . . . . . . . . . . . . . . ..T *O*



* -. -

-- 7.

RSTRICTC
Headgear

Cap, field, pile or Cap, field, cotton

Hood, Jackst, field, M-1943

Upper Body Clothlng

Undershirt, vool, 50% cotton, 50% wool, or Undershirt,

winter, 1950

Shirt, flannel, olive drab, stand-up collar

Sweater, hi&h-neck,. 100% wool

Jacket, field, pile, olive drab

Jacket, field, M-1943 (this jacket is mater-repellent and

wind-resistant)

Lower Body CTothiry.

Drawers, wool, 50% cotton, 50% wool, or Drawers, winter,

M-1950

Troucers, field, wool serge, olive drab Ko. 33, 18 oz.

Trousers, field, cotton OD, or Trousers, field, cotton, M-51,

(both type trousers are water-repelle•t and wind-resistant)

Handwear

•ilttens, shell, triter firvder

SMittens, Inserts, trig 4 er finger

Gloves, shell, leather

Gloves, inserts, wool

Bootcear

Boots, combat, leather, russet or two buckle type

Shopacs, H-194 4 #, worn with 2 pr. socks, wool, ski, and 1 pr.

insoles, felt

Bcots, cCr..•t, .- iber, instilatcd, worn with I pr. wool cv--h-

144
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io sole socks

Addit Lona.1 Items .

Parka, shells cotton, M-1948 (water-repellent and wind-

resistant)

Parka, liner, pile,'M-1948

Overtoete or Parka-type w/pile liner

Wool scarf

In general the uniform worn by United Statos troops operating in

the rear areas in Korea during the winter of 1951-52 consisted of the

follow•i temsa

Cap, filed, cotton

Hood, Jacket, field, M-1943

u•pper 3o-•Ov _Clothii

Under•h•irt, wool, 50% cotton, 50% wool, or Undersbirt,

winter, 11-1950

Shirt, flannel, olive drab, stard-up collar

svmter, high-neck (00% wool)
' ( vest, alpaca,, lined

Jacket, field, M-1943 (this !acket is water-repellent and

wi•d-resistant)

Lvwe-r Body Cloti

Drawers, wool, 50% cotton, 50r wool, or Drawers, winter,

P1-1950

-rouaers, field, 10oo1: 3trge, olive drab go. 33, 18 OZ.

'rv',zers, field, cotton, or TrouserS, field, cotton, M-51

Cboth type tro-j2ers are water-repellent and win4-resis-

tant)
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: G~~loves, shell, leather '"

Boots, combat, russet or boots, combat, composition sole

2-buckle type worn with 1 pr. cushion sole socks and

overshoe, arctic (this type bootgear was issued to all

cebat troops not issued shoepacs)
/

Additioral Items

Overcoat,- field, OD 7, with wool liner

Wool scarf

Supplying a field Army with the proper vinter clothing and equip-

"ment creates a logistical problem to insure that the riflemen, artillery-

men, tank crewmen and even the clerks, cooks and truck drivers have the

proper winter clothing and equdipent in time to protect them against

inclement weather.

To make certain that all troops operating in Korea during the "

winter 1951-52 were properly clothed for the envirornental conditions

they tight encounter, a directive from the Eighth AM Quartermaster

2 dated 9 August 1951, Subject: "Winter Clothing Allounce" Was sent to

all c€•-ns. This directive covered s,.pplj control, definition or troop

classes, phases of issue of clothing and equipmnt, requisitioning pro-

celures arA the "turn-in" of stm-er clothink and equirnent. In addi-

tion it served as the guide for all units for the requisitioning and

issue of winter gear (Appendix 1). The dates of issue established in

this directive were not only compiied with but, in mvm instances, cloth-

14. . " '
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Swas in the troops possession earlier than prescribed.

The actual a. .pl7 status of the required clothing items included

in Phase I, II and III (see Appendix I) as of 31 October 1951 is indi-

cated in Tables 1, 2 a.-d 3 where the percentage of completeness values

are .abulated. These data present evidence that nearly all United States

divisions were completely equipped with winter clothing and accesoory

gear approximately four weeks prior to the orset of cold injuries. By

31 November 1951 these units had completed their initial requisitioned

frequirtmerts. Assi.ing, that these items were properly issued to the

troops of the lower echelons by this date the men were prepared cloth-

ing-wise for the anticipated inclanent weather. Certain units which sus-

tained a considerable number of cold Injurieu during the last few d4ys of

Uovenber 1951 did have the proper'winter clothing, and equipmenc available,

including the bootear, but a fallur,,, to anticipate adverse weather con-

ditions, coupled with serious tactical developr.ents, kept thi equipment

from being issued.

Thb equipping of the trodps with rew boots desi.7iated ý.s "Boots,

combat, rubber insu•aLed", wns not included in the Phase I, II. or III

* I:. issues as this item did not arrive in Korea until after 31 October 1951.ITable 4 shows the dates of issue of this new boot!ear and the total num-

ber issucd per division.

III. AD*-CZArAy OF 71,~I'Z~ X11AT UIFOTJ!

The uniform "ssued to troopa in Korea durin-g the winter of 1951-52

.aa a "I -i..tcI-stan.dard" uniform. It now has been replaced by a new wet-

cold eno.inble. Ikowever, this new uniform had not been produced in surfi-

cient quaintiti,!s to roke it available for the wlr.ter of 1951-52. The in-

aulation provided Lty both the "]iiited-stan:iard" a3d the "standa-d" wet-

147 RESTRICIED
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TABLE 1

PMEWITACE MMLETMS OF ISSUEE BT DIVISIONS
FOR PHAS3 I W11iIJ ITERS AS OF 31 OCTOMI 1951

13t Ist 2nd 3rd 7th 24th 25th
Ite2 Marine Cay. nf. Inf. Inf. Inf. Inf. Total

Div. Div: Div. Div. D Div. Div. Div.

Cap, field, cotton,
DD w/viror 100 78 _5 9 100 1100~ 94
Jacket, field,

1%1'3 100 100 86 1.00 9 100 1oo 98 -

loves, shell, Ft -
..eater, 300 77 48 9"9 10 81 100 86
blovs, Insertsal.,.,H.-49? .... 00 77 91 93 100 100o 85 92 ""

cks, wool,

".tt;Mon sole 80 _91. None ?rcne 87 93 64 2 "'"A

* ctr. 9 .2 2 ... e 100 100 88 100 9

1%. waterpreo-i 1.00 95~ 90.2Ž .. : 100 100 9

ix-ne, d 1,ule 0or rcne . ICO -99 103 10 -0O0 83
____ ' ~ Tobd issued approx~nato1,y

Total 96 e 1 7 9 8 9

*Obtained fro requisition data - qaartermaster EJSAK

i ~L -
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TABLE 2

PERCENTAGE WCTL7ETMMS OF ISSUE BY DIVISIONS
FO2R PHASE 11 CWOMIIG I-1W!S AS OF 31 OCTOflM 1951

1st [1t 2nd 3rd 7th 24th 25t
Ite .• ).arine f. W..f. Inf. f Irnf. Total

Div. Div. Div. Div. DivT T Div. Div. Div.

* rawrs, Ob, 50%
:tn. 5c",1 wool 300 89 97) 95 100 94 98 9

lood, Jacket,

. i1rt, flannel,
D ~ - 100 57 9S 95 .1c0 9210 9

uspenlera,
~ro .r YO0 95~ ),,, 89 10C*.. 100 96

*~ lrou,-;t~rs, field
CD 2L ~iL.C0 9._.83.0 10) 9..7. 89~2 94..2

f Lr•, wool ..

*tbtained frczs requisition data Quairterm~aster lUAK
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PERM ITAGE COMT=aSS OF ISSuE Br DIVISIONS
FOR PHASE III CLOTHING ITE{S AS OF 31 OCTOBER 1951

l3t 1st 2nd 3rd 7th 24th 25th -

Item Marine Car. InW. Inf . Inf. Inf. In. Total
Div. Div. Div. Div. Div. Div. Div. Div.

Cap, field, pile 97 92 82 99 I100) 80 100 9..'.
Insole, felt,
blocer tye - 0 16 0 96 C 96 o 50
Jacket, field,
nJile OD .79 6 95 100 94 86 IO0 93 4.

Ovarcoat, field,
OD-7 96 None 10 ie . 093 None 4l1
Farke shell and
liner pile.. 90 92 89 81 -99 99 91 92 " ! . .. '

Overshoes, 4
arctic .. 99 one 100 100 100 0 None 7l

.. oeocs, M-1944 69 92 99 96 93 923 91 go . . -:7

SSocks. wool, s ..i 81 85 75 99_ 100 9 1 98 91 ..,-..-

Vest, aLr.-.ea lined Vmne None 100 ?cne 2Vone 100 None 29"
Ba.g_, sleeping,",..'-,

o lt~i10, 100 97 100 87 1_0 0 2 100 95 ."j
!3aZ, sleeping,
wol a ? No 0 100 0 100 100 Jj5 49.

Case, wt:terý- '.-.".

repellent 99 C S8 1C0 1(0 100 100D 98.....

naffler_ imo OD 100 100 67 103 99 1..2 ID 94...':":'.
• lten, shell, "

eri~e-fin-7o~r 10050 ICO aS 62 100 .86
1'dtten innert,
tri-erer-fixver 100 90 429 9?22. O . 100 9 O 100 "-1"

Total 93 83 69 96 93 91 9 91

flOTE: The 45th and 40th Infantry Divisions were sent to Korea
frcrm Japan and received all Phase I, II, and III items
prior to departure.

*Obtained fren requisition data - Quartermaster EUSAK
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TADIA 4

DATes OF mmsri.On OF IssUE
OF TL.r_ BOOT, OUMAT, itUBIBM, IMMEJLDT*

2nd Inf. Division ...... o....................... Div. Total 6,000 pr.
9th Inf. i~egt .............. 21, 22 and 23 Dec. 1951

23rd Inf. Regt .......... 25 Dec. 51 thru 5 Jan. 1952
38th Inf. '.egt .......................... 2 Jan. 1952

7th Inf. Divrsion ............... 4*o..*...*... Div. Total 6,000 pr.
17th Irne. 3e ......................... 30 Dec. 1951
31st In!. Re.t . .......... .... 30 Dec. 1951
32Md W. icgt so............ *.o... *.*o. 28 Dec. 1951

3rd Inf. Division ........................ o..... o Div. Total 6,000 pr.7th Inf. :Iegt ..................... 1n Jan. 1952 -+--
15th Ia/. Pegt ............. 12, 13 and 14 Jan. 1952
65th Inf. egZe.t. ...... :. 19, 20 and 21 Jan. 1952

25th Inf. Division ........................... Div. Total 6,000 pr.
14th :CT ........ 30 and 31 Jan. 1952
27th Iaf. 'egt . ............... 20 Feb. 1952
35th Inf. Fegt-. except 3rd Bn ......... 8 Feb. 1952
35th Inf. 2cgt. 3rd ................. 20 Feb. 1952

40th Inf. Division ........... o ................... Div. Total 6,000 pr.
160M Inf. Regt ....................... 5 Feb. 1952
223.-d Lnf. :egt . ....... 6 Feb. 1952
22•t.h InG. '.'egt .......................... 5 Feb. 1952

45th Inf. Divisicn ............................... Div. Total 6,000 pr.
179th Ia. :'gt ................. 7, 8 and 9 Feb. 1952
1&Olh Inf. .cgt ................. 29 and 30 Jan. 1952
279th I•f. ReZt ................. 1, 2 and 3 Jan. 1952

V;ote: 1. All above Divisions were issued 1,000 additional pairs of
the boots, co-bat, rubber, insulated between 23 and 25 Feb.
1952, naking a total of 7,000 pair per Division.

2. The Ist Marin. Division had sufficient stocks on hand to
issue the insulated boot to all m~nbers of the Division.
A Kirine indoctriraticn teram had completed issue and train-
ing o! troops in the use and principles of this new type
foctgear du.-ing the month of October 1951.

* Obtained from requisition and issue data - Quarte.aster WUSAK
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cold uniform is basically the same. The new "standard" wet-cold uni-

form, through the use of four top body layers, provides as much insul&-

tion as the "limited-standard" with five top body layers and permits

more efficient ventilation for the preveniion of overheating. . -

The following are selected cemients regarding various items of

"bhe "limited-standard" wet-cold ensemble issued during the winter of

19>-1-52:

Underhirt. wool,. 50% cotton. 50% wool

This undershirt was unsatisfactor7 because its design caused

binding at Lhe armpit. It was also difficult to put on and

take off. Its snug fit prevented proper ventilation.

Shirt, flannel, OD

This shirt provided an excellent layer of insulation and was

capable of easy ventilation.

Sweater. hiRh-neck

This sweater was difficult to put on and take o" because it

waz a slip-over type. It also did not allow proper ventila-

tion. )any sweaters issued during tha winter of 1951-52 had

been renovated from the existing stock of the previous win-

ter. Shrinkage caused by cleaning reduced the insulating

value of the underlayers.

Jacket. field- pile. OD

One of the main disadvantages of this item wRs it could not

be worn as an outer garment since the material used was

neither wind-rzziatant nor water-repellent. It also had a

tendency to creep ar.d binding resulted.

Jacket, field, M-194"

152
S*,.-.

-. .. .. * - - ..... *. ::. -*:::.

.'•,.'o-..- ..- •...'o.%.% .'.°'..'... '.....-.. .... .•:-.,..- ..- . ..-....-. . - ,.. • ... ,,-. . . . . ,"-



__... .. . . ._-.__----_.. . ... . . ... .. .. - . . ... . . ... ...... :,: -

-- - - -- ;.

"'" RESTRIC"'.

This jacket permitted better ventilation and allowed freedom

of body movement. It was easy to put.- on and take off. It.

had adequate pocket ppaces and it was water-repellent and

wind-resistant. This made the item rery versatile. kanyw

troops eqressed a desire for a .ipper closure and a draw-

string, at the bottam as well as at the middle of .he jacket.

Drawers. wool. 5(YO. cotton. 50% wool

These drawers were difficult to put on and take off. Their

snug fit prohibited proper ventilation.

Trousers. field, wool. 0D

These trousers allowed freedco of body movement. They were

easy to put on and take off and provided a satisfactory inner."

layer of insulation. MaLny troops desired a. zippered instead

of buttoned fly.

Trousers. f4.ld. :otton

Thece trousers allowed freedom of body movement except %hen

kneeling or squatting. They tended to bind at the knees

and seat. They were easy to put on and take off. Vtan7 of

the. troops expressed the desire for additional pocket space,

such as cargo pockets on the lees of the trousers, and also

a zipper fly.

Hool, Jacket, field. M-1943

This hood protected the neck and head fron wind and rain.

Handwear (Ydttens, shell, trigger-firner, w/wool insetts nd"

Gloves, shell, leather, w/wool inserts)

Both types of handrear were worn during the winter of 1951-

52. 7he general opiLion of front-line infantrymen was that

153 RESTRICTED
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the trigger-finger mitten with the wool insert provided

greater climatic protection but did not permit as much dex-.

terity as did the glove, shell, leather, v/wool inesert.

Almost universally the wool inserts were worn with the outer

shell for both types of handwear. 'There were many situs-

tions, however, in which the trigger-finger mitten had to be

removed in order to brovide the necessary dexterity needed

in such emergency activities ass Jaxzing of small arms and

automatic weapons; adjustment of artillery sightS; splicing

of communication wire, performig first. aid by medical. corps-

men; etc. As a result of the removal of the handgear, losses

of this item occurred. Such losses coupled with prolonged

e•x •ure resulted in frostbtte. Becarse of the lessened dex-

terity then wearing mittens, certain inxfc.ntrymen preferred

to use the five-fingered glove which provided less protection

against cold. To prevent los3 of hand-ear in co1at, a recom-

mended solution is to attach the hand-ear to a neck cord sim'-

ilar to that used with the arctic mittens. Scme troops did

frprovise and use this methed. Possible approeches to the

solution of the prcblem of heat conduction frcm the hands are:

1) todif ication of handgear which will permit eaxirtura dexter-.*-

ity and yet provide rauimum protection, e.g., use of protec-

tive anti-contact liners which will re•in on the hands

giving snxee protection against cold injury when the outer

shell is reoved mcc.entarily in en-irgencles; 2) use of im-

pem-able outer shell rnateras to provide protection against

wetting. Pending develo;rent of such materials It is suggest-
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ed that men b4- instructed to carry xtra wool inserts.

Undershirt and 'ýtawerz. winter. V-1950z

This is. a very satisfactory itec. The new "fstandard" under-

wear was designed to fit loosely over the body in a mianner

similar to pajam~as; in contrast to the former standard gar-

ments which were form-fitting. The-new underwear gives the

soldier added Insulation, increased freedom of movemsent and -

better ventilation. The drawers have a loose-V~tting elas- .-

tic waistband. Lo)ops located a. the waist are included for

attaching suspenders. The new design also provides suffi-

cient raterial so that the =all am~ount of shrinkags which

occurs with laurnde 1.ng will not cause the underwear to be-

core tight and binding. T7he drawers are constructed to pre-

vent binding while squatting or kneeling. These two items

are in evary respect far superior to the -Ilrtd-tnad

Undershirt, wool, 50% cotton, 50!9 wool, and tthe Drawers,

wool, 50%P cotton, 0%wool.

Sootgear

T~hree tyrpes were worn during the winter or 1951-52: Boots,

ccembat, russet or 2-buckle type; Enoepacc M-19L.4; Boots,

comtat, rubber insulated. Late in Novemnber of 1951 a large

group of cold injuries occurred in two separate units. The

frostbite cas'.zaltles of these tmits were wearing the came-

bat le~thar boots in spite of the f;act that the ahoepacs

had been issued. lack of ap;rfe.ation of clirtatic changes

in Korea at this time or the yea~r by tb.e unit cor:-arvders

resulted in the occup-itior. of a hill by trocp3 garbed in

RFSTICT-
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• .. leather boots. This newly occupied Position formerly had

been held by Republic of Korea (ROK) troops. The ROK fox-

& holes were shallow and required extensive remodeling.

Shortly after occupation of this hill a cembination of snow

S .I and cold, inadequate shelter and a forceful enemy attack im-

Imobilized the troops and prevented the exchange of leather

boots for shoepacs which had been left in thA rear battalion

headquarters area. News of this regrettable experience soon

spread across the entire front and eccanders of all echo-

. I lons became more aware of the dangers of improper clothing
7 and cold weather. Vigorous training and control measures

were promptly instituted to prevent similar occurrences.

Boots, ccbnt. all It ..Lher. These leather boots were un-

SI satisfactory as an item of bootgear for troops operating

* in the forward areas but satisfactory for troops in rear

I j . areas when worn with the arctic overshoes. They should

never be worn alone -on wet and water-logged surfaces.

OThe range of actual air tewperatures for reccrended use

is from +41" to +i04" F. "Llds item was never intended to
"be used as winter bootgear. This combat boot was designed

* i to be worn over one pair of cushion sole socks. This is

I inot considered sufficient insulation for the winter months

in Korea. Thoce leather boots have a low toe cap which

can limit the movrient of the toes. Leather cembat boots

do not have a rc'-ovable insole which is needed for added

insulaticn under the foot in wet-cold climatic conditions.

S ,In sccio cses mren believing that an extra thick sock would

_ -. . . .
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provide more insulation wore ski socks with the leather

combat boot. In most instances this proved to be of

b little value since an extra heavy sock resulted in ms-

harassment of circulation and probably contributed to

cold injury. Except for the use of the leather boot at

the onset of the Korean winter (1951-52) previously

mentioned, the majority of the front-line infantrymen

wore shoepacs during November, December and early Jan-

uary. Most of the supporting troops wore the shoepac

the entiri winter.

Shoexcs. The shoepac 3s a 12 inch high boot whose

"lower section to the ankle level is made of rubber and

upper portion of leather. The rubber portion of the boot

d provides traction and is waterproof for wet and water-

"logged surfaces under wet-cold conditions. The thermal

insulation is providel by two pairs of heavy wool ski

socks of different sizes (if size 10 sock Is normally

p worn, one pair of size 10 and one pair of size 11 ski

socks would be reqtired) along with one pair of heavy

"felt Insoles. T'he shcepac seened to provide adequate°-
protection under certain combat conditions when proper-

* ly fitted and worn with suitable sockgoar and insoles.

However, a major defect was the loss of the neceasary

insulation provided by the layers of the sockgear uhitn

they were 3aturat-d with sweat. Subsequent Immobiliza-

tion u3ially i-esulted in a cold injury. A number of

shoepacs were issud whi-ch did not have a steel shank

g5R I: STFINCT E
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*for arch support nor an adequate seal between the rubber

bottom and the leather top. The carrying of extra sock-

Sear for changing while on cambat missions to provide *
dry effective insulation was not. always militarily emedi-

ent nor was it practiced to often in Korea. The shoepac.

-its 31f was impermeable to moisture emitted frcm the foot

in the form of sweat. The prolonged wet condition of the *
foot softened the akin and contributed to the disabling so- -

quelas of macoration. The shoepac, in general, necess-

tates a high level Of logistical support becz~use of the
number of socks and extra insoles required for protectionS 6

against cold. Dample3 of the logistical difficulties en-

countered were the frequaent launderings and miscianagement

in sock excha~nge, r -.,.ulting in the return of improper sized

sock :;caitn to the individual soldier. Constriction

,Ccnbat rubber inu3ated. The issuAnce of the new

rubber, insulated, cc.'hat boot was U'm.ted by the amilibil-

ity of supply. It was not until late In February 1952 that.

issue was cotiplete for all United States divisions. The

orirtnal 6,000 pairs per division, which were later increas-

ed to 7,000 pairs per division, were issued primarily to

* Iothe front-line infantr aden, medical corpteen and other per- .-

3ornnel who were associited ver- c~losel~y wit), the activities

of irnrantr- units. The 1s.t Marine Division was the only*

• . bott• and the leather top Te s of th ew type so - "-• '

unit which had sufficient quaniiso tenwtp boot

.................. ........................................................
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gear to equip all personnel-- •s boot is made of two UaT-

era of black rubber and is U-1/4 inches high. The foot

and ankle portion is insulated with a layer of 14 oz. wool

fleece and the sole with a 3/2 inch felt pad. The rubber

sole and heel are cleated for tzraction. A shelf is provid-

ad on the back of the heel for securing snowshoe and ski

bindings. A steel shank is incorporated for arch support.

I IThe fleece and felt pad insulation are vulcanized between

the inner and outer rubber surfaces, thereby protecting the

' j. insulation from either internal or external moisture. This

provides continual dry lntudation thus preventing heat

loss. In this respect there is a decided advantage over

the shoepac which loses its protective value as the sock

layers become wet frun erneat or ater. The new boot is

worn with only one pair or cushicn soled socks. This elim-

ates many of the icgistical prcbleas which :st with the

shoepac. Danger cf constriction in the feet is reduced.

Indoctrination of troops in the principles and use of this

4 new type bootgear was required and a special training pro-

gram was instituted. There was enthusiastic and spontan-

eous acceptance of the new boot. The m-lssion of training

the troops in the use of the new boot wa. assigned to the

Quarteinaster Wet-Cold Indoctrination Teams. Assistance

in this training and fitting prog-r was given by special

representatives frcm the Depart ent of the Army, Office of

the Quartermaster General and the Cold Injury Research

Team. In all units the principle of the insuL, t'd boot .

159 ,
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was explained in detail so that the individual soldiers

fitted with the new boot would know its capabilities and

limit ations. Data revealed a definite reduction in the

incidence of lover extremity cold injuries 1nediately

following the issuance of the new boot (See Epidemiology

Section of the combined report). Relatively few deficien-

cies were encountered with the insulated boot, such as rip-

ping of the outer rubber layer with resultant wetting of

the fleece insulation. 1his might be overcame in part by
J.

the conversion of the insulation from fleece to a plastic

substance or other material. The retention of sweat by

the relative absence of rbsorbing materials led to macer-
ation followed by partial denudation of the sole of the

foot and aggravation of e;dsting epidermophytosis. Iflow-

ever, strict attention to the basic principles of foot by-

giene will suffice to overcome these difficulties. It ws

felt that some mechanical or other form of ventilation wo.

required in order to remove the vapor (moisture) without,

reducing the insulating quality of the boot. The boots,

produced by various raiufacturers, varied in size, width

and stiffness. In same boots the hook eyelets pulled out.

In others the top of the boot, at the bellows Junction.

chafed the calf, especially in those individuals with

heavy leg structure. Manr~y men expressed difficulty in

putting on and taking off the boot when socks were wet.

The majority of Lafantr-,men interviewed regarding this new

type bootgear agreed that it was by far the best for winter

160o
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operations from the standpoint of both warmth and over-

all carfort. One important finding was that this boot did

not require any "breaking in" as do most types of Ara

bootgear. Another interesting note was that four men while

wearing the new Insulated boot stepped an anti-persormel

Mines and incurred only minor sprains, whereas serious foot

injuries are to be expected with the cwbat boots or shoe-

.pCs.p

S Table 5 shows the various types of combat bootgear issued

in Korea during the winter of 1951-52 with respect to the

required sockgear for each type, their function, the sur-

face conditions under which each was used and the range of

arbierIt temperatures for satisfactory use.

IV. WFT,-COLD TRAININ

PrepAration for the cold weather training program for the winter

1951-52 began in July 1951. At that time there were four teZmS in Korea

who had participated in the pregr.•m during the winter 1950-51. In July

the teems for=alized the winter training program by initiating: 1) sur-

veys at unit levels to deterrhine clothing req-:irw.ents; 2) review of clo-

thing records with rceard to current sizes needed and 3) poeparations

of requisitions for the necessary winter clothing equip.ent. 'his activ-

ity continued thro,•hout July and August 1951.

In the winter of 1951-52 however, a dec 5 sion was made that the

four Quartermaster Corps team would be utilized for the training of unit

inztructora who would, in turn, ir-truct all personnel of their respect-

ive organization3. The training responsibility was made part of the

ccrand responsibility. A team consisted of one officer and one MW
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TfPES OF COMAT FOOTCEAR USED IN KOaRF By AMMICAN TROOPS DURING
.11E W,',VrR OF 1951-52 wim sh RSETo THEIIR RZJQUIRED SDCK-.AR,

OPTIMMUI F1~1UCTON XND AMMI3W 70M~AUME UA'JGB*

jRan~e of

"•;" •~round' Ambifent. "

Item Sockgca.r Surface Temperature
R Ueui~r d Function Requtirr~ent IFor Use

SGenerall dry
SSocks, iool, )surfaces un- +41*

ts, service, cushion sole General der temperate to
;at. russet. 1 pr. Use conditions +1041 F.

Itst service, General.l dry
"ab•at, composi- Socks, wol, surfaces un- 4410
ion sole cushion sole General der tirperate to
2-buckle t=e) 1 0- ... Use conditions +104" F.

Socks, wool, Provides trie- Wet a-A wter-
ski 2 pr. tion water- lo*- ed sur- -4-

-pae, 11-1944 Insoles, proof skd & faces under to
felt 1 or. snow•ho.s wvct-cold cond. 4+59 F.SProvides trac- Wet, and water-

•ots, combat, SocIs, wool, tion water- lor8red sur- -4,"

ber, in- cushion sole proof ski & faces tnder to
ated 1 pr. . snowshoes wet-cold cond. 4590 F.

e Obtained for footgear charts Clothing
Allmanac N~o. 10 Ch!.na and Korea O""X
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instructor assigned to a corps. Later in the winter an additional team

was assigned to each corps making a total of six teams., When training

sessions for each division and corps had been completed, additional in-

struction periods were held for training unit instructors for corps ar-

tillery, engineer, signal and miscellaneous units. In addition to in-

structor teams from the units in the Pusan area and the 2nd Logistical

Ccamand, a team was provided which was respo&1sble for training new

-units arriving in Korea. The United Nations Training Center also had a

team which was responsible for the training of new United Nations units

as they arrived in Korea.

The training sessions for unit instructors were scheduled to cov-

or a two-day period and consisted principally in a discussion of the var-

ious types, sIgns, causes and possible effects of cold injuries. Train-

Ing aids, including clothing deronstration sets, were also distributed

to each unit instractor. Incluned in these sessions was a practical

" demonstration in the proper wearing of various clothing items. Opportun-

ity was provided for consideration of individual problems by quarter-

+•- master team members.

Training of all division, corps, artillery, signal and engineer

teams was cunpleted by 10 October 1951. Tratning of area cont-nands ey-

cept Pusan had been scheduled and coopleted by 1 November 1951. Fifth

Air Force training officers were inatructed on 24 October and 2nd Logis-

tical Ccriand unit instructors in the Pusan area between 12 and 15

November.

Spot announctrments fre, AnL.ed Forces R.dio Stations were made

daily throughout the winter r-indirng listeners of mý-asures to bs

taken in cold injuryf prevention.
,"..
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Many times difficulties were encountered by changes of ccmmand.

New officers, particularly in company grades, through lack of Iiowhdge

of preventive principles of cold injury and the proper use of cold

weather clothing, wore wrong types of clothing and, sometimes, issued

direct orders which often urndermined all previous instructions given by

the Quartermaster Wet-Cold Indoctrination Teams. Many new officers who'.

entered the combat zone missed the cold weather training given at

United States Ports of Embarkation or at Replacement Centers in Japan.

In view of the above, a definite requtrement is needed, whereby all

officers ordered to a wet-cold cambat area receive training in the pro-

per use of clothing and equip=en.t needed for cold weather combat.

V. CONCUSIONS

The supply Of winter clothing Was adequate and effectively hand-

led at all echelons of supply. With few exceptions, the necessary cold

weat her clothing was available in sufficient time to provide United

States troops with the proper iteas for the utmost protection against

environment. The wet-cold u.ifor- issued to Unitwl State.) troops in"

Xorea for the winter 1951-52, in most cases, provided adequate ins.Ua-

tion and protection against the most severe envirormiental condktions

experienced. The zhoepac vill provide greater protection to troops

in the rear or non-combat area than the leather casbat boot. The in-

sulated rubber boot was the rost suitable bootgear available for wet-

cold conditions. Strict foot aino principle3 should be observed at

all times with all t7pes of bootgear. The new insalated boot was pro-

bably directly rusponsible for a reduction in the total =ount of col.

injury sustained by United States troops in Korea drinZ the winter

1951-52. The tri6gger fing~er rittens provided the ro!3t protection

--- ."
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against :.old Injury. The trigger finger mitten, however, does not. &I-

low satisfactory dexterity* The vet-cold training program, winter

1951.52, imb superior to that of the previous year, 1950-51.

1. The insulated rubber combat boot should be considered the .-

desired item of vet-cold bootgear for alU troops engaged in cambat.

The capebilities of the Insulated boot could be improved by replacing3

the fleece insulation with a type which does not wet as easily.

t ~2. The shoopac, M-44 , should be issued to orly roear and non-

comabatant personnel.

3. he 3hoopacs made prior to the P-44 model sheculd be declared

obsolete and taken out of supply charnels.

1.. Cold injury training should be made a part of the soldierts

basic training course.* Similar training should be given at all officer's

basic and advan~ced courses. Wlhencver a new itcen of clothing or equip-

ment is to be supplied aUl troops 3hould be properly trained In its

application.

5- A record of cold i"eather indoctrination should be entered

Sft.-.hi.2"

on t:e s . . . . .fh.
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* HEMADUAJ1¶'I2S
EIGHTH UNITED STATES ARý-I K01MA (EUSAK)

Office of the Cmnnanding General
APO 301

AG 400 K(C4 9 Augustl1951

SUBJECT: Winter Clothing Allowance

TO: See Distribution

-- Genera.-. Maximium allowances of selected winter clothing and
equipment for issue in this comnand to military personnel shall be ar -
prescribed herein.

2. Suppl' Control.

a. T'he supply of all winter clothing and eqipment will be
sufficient only with the strict application of suPply control measures.
It.es not required will not be requisitioned. Mcizntain sleepinG bas-s
will be the -most critical of all winter itens. Upon the departure of
an individufal fro_ the forward area, this item will be turned in to unit
supply officer for reissue to inccaing replaements.

b. Those troops billeted and perforinrg duty in the cities
of Pusan, Y-aan, Tlegu, Inchon, Ascote City and Seoul are not authorized
pile caps, and m-untain sleeping ba,""

3. Definitions of Troop Clabies.

a. Class A: Those units which habituallv- operate in the
forward active cc=bat zone and which are in physical- contact with the
enemy. Livinj; conditions usually require extend,. use of foxholes.

b. Class B: Those units which habituaxl' operate in the j
forward active cr-bat zone and are ocoasioually in physical contact
with the enc-..y. Li'ving conditions usually perrut somewhat better
protection frci the el•,-nts than Class A units.

( Clas C: Those tnits which habitually operate in the LnqT
or Corps servjlce a-ea of the cc-.bat zone, where ho-siCrc is soMCtiMes fur-
nishod and p:-otection frcim the elc,,nts can usually be improvised to a
better dep.rue than in the preceding classes.

167 ,RESTRICTED
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AG 400 TQI 'CTED 9 August 1931

SUBJECT's Winter Clothing Allovancee swt Wnf

d. Class D: Those units which are normally based at an air-
field where base facilities and conditions permit use of housings
tentage and/or semi-permanent buildings. Twenty-four hour protection
from the elements is usually at a uaxlzu. Normal living and working
conditions at the instafllat~ion will usually provide prot~oction fram the
elements.

o. Class E: Those units which habitually operate from per-
manent or semi-permanent installations in the rear areas of Korea where- ,
in housing is usually provided.

4. Phases oAZ Issue of Cloth"n• and EYuilent. WLnter clothing and
equipment will be issued in the three phases as follows3

a. Phase I. The following items of winter clothing will be
available, on basis indicated, by 1 September 1951s

Clotbint

It'uUnit Allomncee

Cap, field, cotton, 0D w/visor aa I per individual
Jacket, field, M-19 4 3 eG I per individual
Gloves, shell, leather, M-1949 pr 1 per individual
Gloves, insert, wool, M-1949 pr 2 per in rlvidual - r

Socks, wool, cushion sole pr 5 per individual
Undershirt, 50% wool, 50% eta ea 3 per individual
Blag, duffle or bag clothixLg water-
proof 1a I per indLvidual -

*Blanket, wool 0D as 2 per individual
Pads, sleeping, iniWatable sa 1 per individual

b. Pbse IT. The following ite=s of winter clothing and equip- '
ment will be available for issue on basis indicated by 1 October 1951.

C ~~ ~ ~AlotvntUitAl-nce
Drawers, OD, 50% ctn, 50% wool ca 3 per individual
Hood, Jacket, field M-1943 ea 1 per individual
Shirt, flannel, OD ea 2 per individual
Suspenders, trouser ea 1 per individual
Sweater, high-neck ea 1 per individual
Trouser, field, cotton, 1O pr 2 per individual
Trousers, wool OD pr 2 per individual

c. PhAses TI. The following Iter.s of winter clothing and
.1quipment will bo available ror issue on basis indicated by 1 November

1951:

Clothing unit Allowncee

Cap, field eI 1 per individual
Class A, B, & C

168
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AG 400 KCS RESTRICTE .9 Au~gust 1951.
SUBJECT. Winter Clothing Allowances $sgWP Nam

Clothing limit AUlwance

Insoles, Felt, Mocker type pr .2 per individual
issued shoepacs, I

Jacket, Field, pile, OD e8 1 per individual
Class A, B, & C troops

Muffler, wool, CID I per individual
Overcoat, field, OD-7 69 1 per individual..

Overcoat$ parka type, or ,., ..

parka liner, pile and
parka-shell, ctn es 1 per Individual P.

Class A, 3, & C troops
( (Overcoat, MD-7 uay "'

issued as a substitute
item)

Overshoes, arctic pr I per individual not
issued sboepcs-

Shoepacs, M-1944 pr 1 per Individu..l
Class A, B, & C troops

Socks, Wool, ski pr 6 per individ••l
Class A, Ba, & C troops

Vests, alpaca, lined e, 1 per individual
Cl~ass D & Troops

f.ido"ent

*EL_,, sleeping, mov~ntain ea 1 per individual
ClaassA, B,& C
troops e- !b KATUSA

*Bag, sleeping, wool ea 1 per individual
Class D & Z troops
and KATUSA

*Blanket, wool, CD ea 1 per Individual
issued bag, sleeping,
wool

Case, water-repellent ea 1 per bag, sleeping,
mountain or wool

Mittens, shell, trigger-finger pr I per Individual
Clasts A, B, & C troops

Mittens, insert, trigger-finger pr 2 per individual
Mlass A,, & C troops

4Maximum Ledding allowances are as follows:

One (1) bag, sloeping, mountain and two (2) blankets, wool, 0!)
or one (1) bAg, sleeping, wool, OD arn three (3) blankets, wool,
OD. oo. "-•. .*
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S~ zOil JKK bfbwjn 9 Aucust 1951
SUBECT: Winter Clothing Allowances

5. Reauisitioninr, Procedure:

b a. 3!istns: Divisions will submit requisitions for all winterclothing for organic units and units attached by cenpetent orders to the
55th Quartermaster Base Depot, pursuant to schedule in par d. below.

b. Non-Divisional Units: Requisitions for all winter clothing
S +will be submtitted to nearest Class II f IV Supply Point, pursuant to sched-

ule in par d. below.

-" ae. UN Troops: Separate requisitions will be su30 tted for each
.. I United Nations Unit. EUSAK Cir 111 applies.

"d. Separate requisitions for phases indicated in par & wili be
submitted as follows:

- Phase Date

HI tot later than 1 Sept 51.
II . :ot later than 15 Sept 51.

in ':ot later than 1 Oct 51.

e. Separate cover sheets, marked SECRET, will be attached to each
requisition, containing the follow.rnj inforrmation:

''(1) Designation and strenth of requisitioning unit.

(2) Desi~mation and strength of units attached by co.petentorders for •hich requisitioninZ unit is responsible for Class II & IV
"loistical support.

f. One (1) copy of the sECP.r cover sheet will be forwarded this
* 1 headquarters, Attention W.

g. Requisitions will be properly acconplished indicating
* C quantity authorized, on hand and due in, and quantity required.

*" . th. Items inediately available will be marked D/O by the
* supplying agency; therefore, it will not be necessary" for units to subnit

subsequent requisitions for items so •arked.

* i. The issuing agency may make authorized substitutions for
sizes or items. Such substitutions will be authorized on the action copy
of the requisition.

* 17o
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AG 400 KW- 9 August 1951

SUBJECT: Winter Clothing Allowances

6. Turn in of summer items of clothing w11l be ma'e through salv3ge

c.hannels when no lon,;cr required. A concentrated cffct wV?-i be made to

recover the waximun quantities of summer clothing itms.

MY = b2A~ F GIEP.aa VAN FLEE:

DISTRIBUTION /a/ C. 0. Overstreet

* "A"C. 0. 0VwRs-IALZ

Plus 50 zopies 5th Air Force Captain, AGC

*" Plus 100 copies Q! Section Asst AG

II

F I
I

.$1

*I
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HEADQUARTERS low" bbl"u
EnIGTH UNITED STATES ARY K'OREA (EUSAK)

Office of the CCranding General
APO 301

AG 422 KQW-O 11 March 1952

SUBJECT: Turn-in of Quartermaster Winter Clothing and Equipment

TO: See Distribution

1. A positive and continuing program will be instituted for the
turn-in of clothing and quartermaster equiptent issued for use during
the wizter. As the need for seasonal itets diininshes, a subz Intial
reduction in the supply load carried by ir-dividuals and units can be
accomplished by col3ecting and turning in these items. A carefully plan- .
ned and executed program will prevent the loss or misuse of articles and
will permit sufficient time for their processing and renovation.

2. These programs will provide for a phased turn-Li of winter items.
Those elements of a camand not subject to prolonged exposure to %dverse
weather conditions may begin this pro,-r-am upon receipt of these i±.struc-
tions. However, all ccauar.ds will accacpl sh this program in accordance
witb the schedule attachcd as an inclomLue hereto. Careful compliance
with the.se procedures will ernhance the Afrmy-wide supply econcmay program
and will assist in distributing the work load on receiving and reclama-
tion agencies.

3- Major ccar-ands will collect all ite= to be turned in under
Sthis progrnm frc aesigned and attached units and deliver them to support-

ing army quartermaster salvaae collectisg points. Modifications to this
procedure, in order to utilize direct rail shipmunts frcm division supply
points, may be made by arrangement with the Quartermaster Section, this
headquarters. Separate units will deliver these to supporting army
quartermaster salvage collecting points.

4*. To provide for more efficient handling, facilitate doctmentation,
and rrevent unnecessary lcs or darage, items will be prepared for turn-
in within the capabilities of the cim.and, as outlined below.

a. All items will be searched. Ammunition and extraneous ob-
jects will be removed.

b. Items of clothing and equiptent that lend themselves to
bundling, will be tied into packages containing either 3 or 10 like items
to permit easy handling.

c. Footwear to include boots, arctic felt; overshoes, arctic;

shoepacs; and boots, con•bt, rubber, inreulated; will be cleaned, dried,
paired, arAd securely fastened together. Used felt insoles, i3sued with

r.. "
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AGi 22 XK.-O U March 1952
SUBJ-FCT: Turn-in of Quartermaster Winter Clothing and Equipment

the shoepac, will be burned by units. Unused felt insoles will be turn-
edin.

d. The heater, tent, gasoline, 250,000 BTU (Fz.rman-Nelson)
will be cleaned and drained of fuel. The heater, with all its com.ponent
parts, will be crated by using units. Crating material will be avail-
able at army quartermaster class II and IV supply points.

e. Prior to turr-in, tent stoves, burners, and stove pipe, will
be serviced as follows:

(1) Stoves will be cleaned, nested, and banded.

(2) Burners will be dismantled and thoroughly clenaed.

(3) Hoses and tools will be packed inside the flame pot.

(4) Carburetors will be drained of fuel and placed in wood-

en sundries supplment pack (100-1 PI) boxes.

(5) btove pipe will be cleaned and bundled. It will be
protected with wood slatttn4 and banded.

f. Stove, Yukon, w.ll be cleaned, its component parts placed

within the stove, and then banded or tied. Stove pipe issued with the
stove, Yukon, will be cleaned and bun-lled as indicated inf pragraph 4 e
() above.

g. Ttntage that is to be turned in will be dried, folded, tied,

and tagged to indicate the proper ncr-enclature of the tent. Tent poles
and pins will be packed separately.

h. All other individual or organi'zational equipment to be
turned in will be cleaned and crated or packed in suitable containers.

5. Provisiors will be .ade to protect items against rain and
Zroxu.d moisture so they will not beccrze unserviceable or damaged as a
result of mildew.

6. Items turned in will be accamp'.nied by turn-in slip (14 AGO
Form "17) prepared in qima,!ruplicate. After the count has been veri-
fied by army salvage per.c.innel accepting delivery, a receipted copy of
the turn-Li slip will be returned to the unit. Quartermaster salvage
collect;ng points will maintain records, by units, of all items turned
in.

7. With the exception of underwear and socks, which will be retain-
ed, turn-in of FSC winter cloth-ag will be effected in accordance with
;rcc-;dures outlined above. Bundles will be plainly tagged ";SC Clothing".
Cther K_1C i.ems to be turned in will include one blanket frcc each indi-

"- •al, ai;d all stoves, tent, with component parts.
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_. + A• &E2 l•l•.-O 11 L•rch 1952
SUBJECT: Turn-ln of Quartermaster W£nter C!othtng ant. •quilment '"

"-"i 8. Items of United States prope.rty which have been l•ued to ,.

other United t•tions forces will be accepted and receipted for in ac- .
€ordance tr£th provisions o• paragraph 9b a• •, Circular 157, t•is

headquarters• dated 2 October 1951. .:

9- All ccc•,•nders w•11 take •re•.-i•a action %0 insure cempltance ..

w•th this directive.

- Ff C(•'2s,•.l• OF GDrl•AL VA•! • .,
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•hrn-ln •:hedu•e for }h•or, •?• . i;."

4 I 1

•lnter Clo and Equip Asst A• • •t
L ! •,, DI.OTdSUTIO• .'.

!. I ,)An .. •

2,'* g"

', t ..,.:
"° I •

| • • .

/ •

S; '."

x.:-• t "

i "

i .

)
o

/ SI
: 21
i F,%

174 ": "

•

%'
%;
-/

• , , . o o ° . o o o , o . o , . , • o . ° . . , o . • , .- o- °, ,o ,• ,- ,- ,- ,- ,- o . o , . • . . . . ,, - ,.. •

, . , ;• '.," . ," - • -" " "Y .. ... •. I -.- "
\.,., " . ; " " '-.. • °". ,/ '.'•"-. ... ... - i

S• • .; ,' ,.. -" - - / i . . , "k ' • .'

/ .• , +, . . ', . :'-- .- ' ., '.', . . " , • , S%
-- -' - -- -: ' - • - - .. • .'i • • iii l ' l l" I I I I I II I I I II 'I r



RESTRICTED

Tsurn-in periods for units operating north of the Taejon-Andong line: i

Phase I Fhase 11 Ph3se III Phase IV
15-30 Mar 15-30 Apr 1-15 XY-2 15-10 May

Boots, arctic, felt Boots, comnbat, rubber Gloves, shell Burner, 3tove1, tent.
Mittens, overwijite insulated w/insert, Drawers,'wool

*Parkas, overwhite .ap, field, pile Jacket, field, pile *11eater, tent
Trousers, overwhite Food, Jacket, fid, Mittens, shell, T/F ga~aoline, 250vOO0

M-43 w/frnsert BTU (Hermart.
X~iffler, wool Vest, alpaca Nelson)
Ov:ercoat, OD 110. 7 Overshoes, arctic
Parkas, all types Shirt, flannel
z.Toep:_.s Sto%-, tent.
Socks, Wool, ski Stove, Yukon

Sweater, high-neck
-Trousers, field, wl

(,. Undershirt, wool

Phase T
1-15 J'z~e

B~ ag sleeping, zou.ntain, w/case, water- repellent.
Blankets in exccess of two per individual or 1 bag, sleep-Ing, wool and
one blanket.

7urn-in periods for =*t operating south of the Taejor.-Andon..- line:

Phase I rhlse 11 Phas-! III pha.- WV
15-10 Far 1-15 Apr 1-15 t-ay 15-10 May

Parkas, all type~s ýap, field, pile Burner, ztov~e tý,nt V-Bg 31etepin,-, =tn %.4
..cod, Jacket, field, Drawe:rs, wool w/case, water

F-I.3 Glove3, shell r.'pollent
."acket, field, pile leather, w/imse:-t rilankets in excess
rittens, shell, TIF -- etr tent, &a~o- of 2 per indii.idual

u/iser 1nd, ý150,000 TIMI or 1 "j., sleepin~,,
!'-_ffler, wool (len.u-?c-Nlson) wool and I blank~et;
Overcoat, 00 No. 7 ;3hlrt, flannel Overshoe, art. ttc
Zh~epacs Stove, Yukon
3ocks, wool, ski ;tove, tent
7est, alpaca J.wvater, hiý;h-ncca

'rouse:-s, field,
wool

Under~hirts wool

Fo1r h6npltal5, t ;:-:--in perio iS 13 xtend,N1 to 1-15 -"~.-o
io if option of mo' (1) Vaýý, slteepir.,, li.,1 ;in-± one (1) hlanlet i~t ext-rcised,

case, water :-;ln.wrill be retained for usp.
~-~For ho..pitilu, t. n-in ;)P-iddA is extende'd to 15-30 Xay.

Inclosurp N:o. 1I7
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ARMY MEDICAL RESEARCH LABORATORY
FORT KfJOX, KENTUCKY

C=) REPORT NO. 113
C..) 1 April 1953

CD ~ COLD INJURY -KOREA 195 1 -52*

~ CO Section MI
~i2*.PRE -EXPOSURE SURVEY OF COMBAT TROOPS,

KOREA. 1951 -52

*Subtz..ok under Environmental Phys.'alogi. AMRL Project No. 6-64-12-

023, Sultaak (SK), Cold Injury Stud ies.
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PRX-EXPOSURE SU~rME OF OffltT TWOOPS .

KORFA 1951-52

I. INTRDUCTION

The primary objective of the pre-exposure atudy.was to

determire through the media of a saei-controlled interview and

brief physical examination whether wsy factors could be delineated

that wouid indicate an increased stsceptibility to cold aimong "

individuals serving as front-line troops in the Korean theater.

It was anticipated that a large segment of United States ..

infantry personnel could be interviewed prior to cold exposure

and that a sizable number of the eventtal frostbite casualties

would be represented In the proe.-posure population. Had

this been realized, ceuparative studies between the frost bite

and non-frostbite groups could have been accomplished. It

soon becamo evident, however, that the estimate of the total

number of interviews possible was highly optimistic in view

of the fact that a single interviever had to cover the entire

theater. This, combined with the fact that the incidence of

cold injury for the 1951-52 winter was quite low, prevented the

realization of the principal objective of this phase of the cold

injury study. Only two of the 1,628 infantrymen interviewed

eventually beca.*e frosftbite c^3ualties, hence no internal

analysis of the pre-exposure data was attem.pted.

The interview utilized a questionnaire designed to

explore such aspects is race, clrmAtological background,
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eduction cod eatjber trinng prinent medical hso~

* ~~to.bacco and alcohol usages as well as certa&in biological .-

factors represented by pulse rats, oral temperature, bodAy

types te mention but a few. The questionnaire will be dis-

cussed In detail in a later section.

A secondary objective involved the collection of blood

samples for subsequent cold hemagglutinin analysis In the .

laboratory of the Cold Injury Research Center in Japan. This

phase of the study attained a more satisfactory population;

approxi~astely 3,000 samples (521 froma pre-exposuxre population)

wera forwarded to the laboratory for analysis. The results

are reported in the section of the comsbined cold injury report

concerned with the cold hetnagg3utinins (Section XIII).

*T~he many diffictaties ttich were encountered In atte-4pt-

* in to coll&;t such data in the very heart of a waur will be

describcd at s~e length, together with recot=6ndationsi for

inproving the efficiency of collection in the future.

To facilitate the discu~ssion of the methods employed,

this s3'ction has been subdivided in~o three main areas, the

site of Interview, the questionnaire and the .zollection of

blood swaples.

A. The Interview Site

1. Forwardi Areas

a. Division in Reserve

Periodically, as the =ilitary tactical
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at0-40 mie rm h meiaefet- ezn

stouathio eve ite a 3i hac ole divissecion woul bhe

dV3ion. miles fou the iedivisifont-in rsre hone

for thmedpurpoe or-a restpandibieorianization. I.

tori terve introduled wheestablised in suow uonits.

the pln o oerration inFludedxampleanint ensfroe

ecbatlo oftetreregiments inin orspri- hi lcder a

lmtoachievonte avsatislaciliry coss sein fof iter

d~visio. Nigthpoblem thre difitin invreseved had

tho th~eiae men wer requrponsiblitesp ouigtherf-1 4
tar. were introuced which tendedall toe blo- do4

theio aidtrstations. Inr Vexrpesev ane ithnsiv

ftaied trainin pconrsiwste inastiuted bthent

reubimnt s dueeing tqis rtersfor this plcerpmea

thatntequenty tere renure was slercowep durngdh

interviewinr could rot be started until after

the morning, sick call. In addition there were

many tubsequent interruptions for =.ergency

1? 6, 11
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treatment.. Ile tents were often cold and drafty

* twith very poor lighting which hampered certain

aspects of the physical examination, such as foot

examination. color changes in the great toot etc.

Even with advanci scheduling of men for inter-

views long delays would frequentl y be experienced

b~cause of misunderstandings or sudden changes

in the training' schedufle. The interviewer usually

lived with the medical battalion where billeting

space was not at such a premiuh. A disadvantage

resulted, however, fron the relatively long daily

drives required to reach the various battalions.

Restrictions im-posed by the division to elim-Inate

unnecessary travel in darleress tended further to

shorten the iwo-idng day.

b. Regiment In Reserve

4.Certain divisions. when "in the line". employed

a rotational system in which one regiment was

kept back in a blocking position and was considered

to be in a ffreserve StetU3". The same problems

discussed above were present to a greater degree

here, especially those concerned with tr Yel-

between units and availability of men for inter-

view. Add~tiorna1 complications arose from the

necessary reduction of working facilities

irmpozed by the combat area.

TI~'
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c. Battalion in Reserve. .........

It was common practice for regiminta -wh~en "in

the line" to keep one battalon ban-k In a

bloeking position and to follow a rotational

system as mentioned above for the regiments.

On occasion this so-called *reserve* battalion

was used for interviews with the same problmss

described above.

2. Rear Areas

After a monthts expmrience in the forward amaeas

it became evident that the various problems enum'erated

above mariredly reduced the efficiency of the effort.

Accardinglyo an attempt was =ade to shift, the loca,- U

tion of the interviews to the rear areas which

included the raplacei.jont com~panies and the airfields

which served as Rest ean Recroation ffeadquxirters for

the line troops.

a. Replarmemnt Company

The replacement companies were rear units of

the divisions through which new troops were

processed prior to being sent forward to the

line organizations. The facilities in these

companies were superior to thoss previously

disciissed since I5paee li=zit~ation was not a

serious factor. Uaually additional assistance

from the cadre personnel reAdily could be

.1 A2
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obtainod to ixpdite the work. The division

personnel offices weoe located in these areas

therefore the Army General Classification Test

scores on the questionnaires could be secured

easily. There werst as might be expected,

certain disadvantages which prevailed to Aamper

3 ~the effort. For oxaaplot the replacement

companies never received advance notice when to

expect troop shipm~ents. Therefore, it was

impossible to w.ork out a satisfactory interview

schedule# and dally calls te the units were

*required. 16hen a shipment of meon arrived, they

Iwould be assignod in varyind ni-rbers to &li units

4 ~in the area so that interviews co~uld or.ly be

seemplished in one unit. A seccond factor,

which probentod the rear arias from being on-

titmly 8at~isf1ctory. was' the rolicy t.hat eylsted

pin diffevent divhIolns "gidina the flov. of men

* through raplt'eu-ont cc-:pani.,. Some divisions

used the replacement cc-?-%-y l.ocat~ion* as

I ~training &reap and hqld tboir man awrwhore from

* & to 6 dA~ys. while others pr~eeejs4 thm~ throtigh

in less- thikn 21. hours. In 'A'aso latter civrpanlos.

time, and availability of "en did riot PerMIt Inter-

I ":

I lvows to be •Adt. A thire factor Cone rilis the

subsersunt o ss •igment of con. The" was m
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assurance that the men interviewd woul all be

assigned to front-line units despite their

Infantry NO3 desiLpations.

b. Airfields

An attempt was made to Interview men who were

awaiting flights to Japan for their 5-day rest

and recreation (11 & R) leaves. It is admitted

that these subjects did experience cold exwosures.

but none at time of interviv had incurred a

cold injur- and since continned exposure followed

the examination these men were included in the

study. The men vwre available for interviews

*aitkoere ftom 30 nritee to 10 or 12 hours.

dependinZ on the avnilability of plaes on any

particular dJA. Since all troops were in•ludled

in the R & R progra, the r-An problem en-

countered .•as the selection of ;,n with the

.proper W43 de.:qgnation. Attewp.ts were vtde to

have the *irious rtploc-i.-nt cerpvntes screen

their troops prior to their arrival at the

airftolds. but the continrual chw-es in the

cadre persorun-4 redu~cd t~e e.ticienry of this

procedure.

9. The Pre-,y.pnsure Questionnaire

The ,-•ptlor.•ire •uployrd was diviO-4 into two m.in

te4



sections; ahe first section dealt with general intormi-

tion about. tJ'.. individual w#.ile tit* second sect~ion was

concerned wit~h cartain biological factors. Appendix I

f represents the form utilftcd in this surve7. 1t=3 1-30

covered the general information t. *a while th~e remAiraint

nine item-s reprerercted t.. biological measures. A brief

expianaton of they various Ite.zas is given below.

1. General InformaLion :#action

Itemn 1-40 inclu~cdi Me Idcn.iication '%to such as

]far-e, seriall numft-r. date of inter~iew are. race,

~ I T8SL). Iplace of bitrth etc. tRom 5 (locat~ion) in-

e luded tO.e orjgnlzation to wI.1ch the man was attached.

as well as the statuz of the or~ar~ization at the

Utie of igatervicv, zuch as a dIvtr.on or reeL-ernt in

* f re...r~e. a rcp13aC4-:er.t co:Pr.Wr. etc. Memcs 11-13

cove? :J the elimatolog;;cal aspects in order that an

aUscs-.'e.nt. of these facto"~ COU14 be made In the

4 . ubs~e,;ut, irUalyzi. For eyLmle. unAcr It%= 11 an

att'zpt %na to recomi infoltuJLl'or. co, cerr.Lng

'e ':axloun j'1acý- or rlaer~ ttm Interviowet to.

lives ifor at l.ita-winter :s-anon eurinrq his life.

in ort-'r 14 1! rtemine Mei .1;'140XI.ý3'd d,ia'r' of

rzx46;-zri to a coM- clLmajt., the ran rmay k'xav rx;.eri-

bt..5i.* r It wvata .'r ipoor or o-atdcoor . it* h a



covered the use of tobacco* coffee and alcohol with

M atteupt to obtain .& rough index as to the extent

of such usage. The imortance of these factors wao

mirdimited by the situation in the Korean theater

where tobacco and beer were rationed to one pack of

cigarettes per day per man and approximately four S

cans of beer per month per &an. Item 19 was includ*d

In an.atte.•pt to elicit a history of the mants

*1 I previous com1bat experiences including action in World

War Ile in order to duterulno idhoth.r or not the

individual had had previous icporicnce fighting in.

cold climates. A history of prmvious cold Ln.ury,

including civilian ltfe, vs the pur;*s* of Item 0. -.

The criterion In the aedt :.r of this factor

nocesaitated the td-.,isson froz tha Mitrviewee that

at lorst Wa.ttcering a•d peolin of tisues had

occurred br.d th:-, midical atttinlon h:.d betin wought.

Item 21 �ae used in em attc--pL to e.at•uit, the effet-

tivoness of pvylous cold w.athr tr-.rlng including

films, lectures. dc-3nstratic-e. etc. ei.old woather

opprationin incl•edd bivouac in cold aress during

basic trainl.rg. rh"n irfor 'tit.i"n re.:ored untder the

category r-Ot.r tr" clulrd pn!Ivioul3 co:bit in cold

retions or d':ring c-)4 e-as.,ns. Itr!.- 22 and 23

cov-nr1. thak eeucAtfonel ,rd" ntnovlger~ce ft'ctors.

Both Ares I and Area III Artj C-neral Claseification
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Test.(AGCT) scores were recorded under, Item 23.

These tw areas were selected since it was tthey

represented a truer est~imate of the mant' basic

intelligence than did aW other section of the test.

A history of the individual#2 disciplinary record

was obtained under Item .in an attempt to assess

the factor of malingering and its relationship to

frostbite casualties. Item 25 was a history of

disease which might conceivably alter the cold

hemagglutinin titers. Item 26 was the subjective

Impression of the interviewee concerning the degree

of sweating exhibited by his own feet. Items 27

and 28 were included to deternine if unilateral

frostbite of the hand could' be related to the

maniptlation of the man t s weapon. Item 29 was

incorporated to determine if "accident proneness*

had any relation to the acqmisition of cold injuries.

A history of accidents which the exiner felt 2mght

reflect this tendency was rscordeS. Such data as

athletic injuries were generally not considered to" ,

fall into this category and wer- ignored. Item 30

concerned the intervievee~s hobbies wýer :vcr they

could be determined fron q.cuestoninrg. These data .

were used to test the hypothesis tUat cen who had

done ccnsiderable hunting, and fishir.e, ineludLng

-Cam.ping, •niht b.. b.'tter Gble to ca.re 'or tI-•:elves

107
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under adverse weather conditions. $

2. Biological Weastres

Item 1. the cold hemaglutinin sample. is discussed

in Section XIII of the combined cold Injury report.

Item 2 was an evaluation by the examiner of the mange 7

personal hygiene based prL:arily upon an examination

of the feet, condition of the clothing, etc.

Because of the conditions under which the man were

forced to live, the presence of dirt on the feet

was minimized, but such conditions as untreated

epidernopytosis, witrimued nails, callouses, etc.,

were used in assessing this item.

Item 3 is of little importance since the evaluation

of body type was based principally on the mants

estimate or his own height and weight. It was

impossible to have the Interviewee strip down for

anthropometric neasuiiý,ennts and sonitotyping photo-

graphs since the wbitnt tenperat-ure of tho. interview

site was often nbout 40* F. Items 4-7 are self-

,-cplanatory. flowever, the recorded height and weight

were obtained from stat..-ents by the man and not

deter-aiid by act'ial m,in'vire.lent. The gross sweat

exa-ination w.,5 p.rformfc,! by actunUy feeling the%

fcot with Cli h A .r lctermlninr the extent of

dryrt-es or wetness,. Skin resistance measurements

were rtot -tc-complinhel sir, co the necessary instrinen-

,88
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tatton was not available. Approximately 200 starch-

Iodine sweat tests were performed with entirely..

negative results so the procedure was eliminated in

subsequent examinations. The insensitivity of the

starch-iodide test utilized in this study was

demonstrated when examination of the feet with an

ophthainos3ope to obtain illumination and magnifica-

. I ! .tion revealed the pre,.ence of beads of sweat even in

the absence of color changes in the starch-iodide

paper. The data for Item 9 were ottained by apply- 0

ing a•oderate pressure with the index 'inger of the

examiner for 10 seconds to the en4 of the great toe.

Upon release of pressure the numier of seconds ",

r•quired to re-establish the nor-..•l skin color of

the dtgit was recorded. This Measure is Considered
"to be quit. unrellable since it was rnot; ossiblo to

* have the subjects equilibrate in a constant tenpera-

ture mom prior to the exau-ination. Consequettly the

variations in w.-bient temperature markedly affected

the values oitained from day to clay.

An attempt was made 0 train corpsmen In various

replacement c01?anies to perfomz the interviews in

the absence of the sinele examiner who was assigned

to thie proecet. This W43s done with the hope that

the tolal num.ber of que3tionnalres completed would .
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1 ~ be greatly increased. 7he program proved quite

FUCCessfUl in three instances, but time did not

permit a cwrpletely &Antiqae program to be Instituted.I ~Appe-dices nIand MI include samples of the coda

shoet derived froms the qu~estionnaire too facilitate

the siabs#.'uent IM analysis.
C. C31llctior of Blood S&aplea

The collection of the blood ;ainpes ar~d their sub-

sequent shipment to the Cold Injur7 Re-eai~ch Laborator7

at Osakca for cold h-naprzluti:Lin an'aljysis presented

several problems. -1he shortage of toam parsonnel, made

it rmiandtr t~hat cerp=ren bto bt-.ned from the

variousi wnito to assist in t'.e collection phaise.

Originnily 10 cc. sjrn-inys were ezplo~el for Wei~ t',-ke

but the eltz-~e~aof suitirble cleaninZ Pard sterilization

equipm-int in t~e fre'zrd arezys nstessitated a ch."Ce In

technique. Tý *he!pperd-el~edeI bloo collect~.ng tubes

were etploycl stubsecqilntly w'ith a high degree of siVccess.*

'these units crzso sterilizo-d and the blood-filled tubes

wesre packed In 50 caliber L-runi1tion boxes for shipment.

Approxiatti'sy 200 tub-ts v,!ro p.ck'Ad In a 3ir.&le contaAnar,

*Via:c-- '~-i~ tuhu of'-.t, a sciled evvcuated
gl -. ..;ie- c C 5.-5 -.,. cn7clty. fitttd vith % 22 ri,':'
v~.:'171%11-3 t7 :."13s Of r''rLii;.The

rnýci-il is ;ýj n teby a Ut2-,-t!.7 -- ,,- co-,er. THis

Cc.-pq-y, 'ýrth Field. Ifv J'!rf-y.
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and the breakaCe rate was extremely low. The blood

sampl.es were taken from the forward areas to an

evacuation hospital and from that point were hand-

carried by messenger to the laboratory in Japan.

Ill. .ULTS

A total of: 1.628 front.-line infantryme~n were in~ter-

viewed during the period 8 ?Rovember 1951 to' 1 February 1952.

0. these 3,628 interviews, approximately 1.250 were ol.tained

before the onset of cold weather. An additional 120 inter-

* ~viewro wicre obt.ained on hospitalized frostbite patients.

The interviewer traveled over 7.000 miles by jeep and =%de

rotze additional trips by plane ill the collection of these

data.

The population: ropresented by the pre-exposure --

questionnaires reflected a random sampling of Eighth Ar~q

¶ as far as the distribution between Whites and Vegroes was

concerned. A further treakdown by clIinatological region of

oririn indicated that this Crourv did not deviate signAiftarntly

froma the clistriitution evilernced by the epide.-iolo!:ic controls

and4 thus were used as anotier control poptulation for co.=-

partitive purposes in oPI!fi.eiUlog~iC study.

Since only two of the 1.62A infantryuen interriewoi

leventitally became froetbite casetim~is. no internal anailysis

of the pre-exposure data was attempted.

In all. wmxiroxat4.lY 3.00 blood qixnples were

farw•rded to t.e laborator. y in Japan. Of the3.!. only 521
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samples were obtained from the pro-exposure population of

1,628 men.

IV. RE001"4M2MrICN5--FOR P MMRE SURVEYS

Certain spe-ific recorznýndations are mentioned here

*which should facilitate the collection of similar data ini

the future. The delays and difficulties which resulted when

one interviewer attempted to cover the entire Korean theater

strongly indicated the desirability of having a trained Inter-

viewer with two enlisted assistants assigned to each division.

Such an arrangement would permit the examining teamn to set Up-

a semi-periaancr~t site for its work. Travel time between

battalions and reglments would be measurably re-tueedo and

work 'ould proceed with minizal interruptions and delay.

The two enlisted personnel cowvld not only assist in the

filling out of the questionnaires but could also draw the

blood samples.

It is sur~ested that each such interviewing team have

its own vehicular transportation. including a jeep and a

1/1.-ton trailer. Wit'i such an arrangement. each rroup of

interviewtrs could easily exa.%Jine at least 50 to 60 men a

day and collect up to 200 blcod aa-pl#9s. Siuch an organiza-

tion would p-rmit the completion or at least 30,000 to

50,000 questionnaires in a 4-.fýonth period under conditions

co-nparable to those under which the present. study was

conduc ted.

.o-
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Undue delays occurred in getting blood samples to

the laboratory. In some cases periods as long as 10 days

elepsed between the drawing of the swtplen and their analysis.

It is believed that such delays can be eliminted In a future A.

progra,. by the assigment of specific meas•engers to the team.
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Pat-EXPOS1RS -QUEST I-AfNAT R

RECO RD2_____

(1) wsi_, (2) DATE oP UAX_ _____(last) (First) (Middle) .....

(3) AGE -_____ . (, RACE iCJ CX
S(5) lOCAtI ._.. _ __........ .. ___ ___

a. Best Azer-1 b. Repo Dpo [:3 c. R& I Airfield

(6) 8 .o. _ ___ (7) _m _ (a) -..o___. ..
S(9) PLACE OF m'r _ (10) DATE OF7 .R.IM___

(11) 0WM PLACELS LnVE L'4 FOR AT L: LEAL VON TEr n FA=3 N:_

(12) 71?z or Amu t Lrafl IaI FOR CWIT}n PART OF LUIFs

a. City C3 b. Sburban c. Rural 1"3
*(13) =OL= T-STLU17. .o1 Lra("iC M.3SDs

a. Approx. T-•'p. *P. __b. Ppprox. L•rth of T'•-i,

c. uvrentIndoors 1%.3tt7 O tdoors Mostly L
* ~~(14) crvfiJum Clcu PATzv.

(15) szmra: a. PMP3 120 U:- MrI1 m-1 _10iT~ (per dar)

b. CIrARS~ ~ 3J~j3 j ' ](e d.iy)

(16) TO?'.C3 CIT-!UqG: (A~ount~ in Plug,) 00 [P)- I3~ 133 E (per wk.

(17) 7r IA: (Cuips p-r Ojy) f~ A)L-:41 M. ~'~:~

0(19) 19Or, LrVCE- 13-An m

0 195



(20) ODLD INJURM (rostbite. Chilblains, trench Feet. etc.) I3tJ
&. Anatomical Site______________________________

b. When Occurr*d -e. Wwrer Occurred__________

d. Activity at Time of Injury_____________________

(21) COLD WTAM- TRAI ING i r Te-s I J

a. When b.*ee______________

GoC Typeof l'CActre d.3 . Amount of
Training: Instruet~iom:E

Dezorietm'tion

Cold Wuather Or-eration ~
Other

(2.2) HIGRS? MM GIID'n COM-FTMLLL 9T1O iLIi

(23) n;;.T:.:~r~IO(A=C - area 3 score)

(Z4) DI!CIr.IPJ?:A,*I IM-otn uo. OrnIS~t 3M C

4 ~~Co~ipn Pu.bh3t.~

Dr -.&r7 Court K~rtial EJ

S;ýjcfal Cc-,irt M~rtiotl E3

O.'ncral Coirt M1rtial E3
(.25) DIzyS AM

'fol~ow JA..fldico

Uvc Fe.- (Ietiojjj etc.)

19G



- .(27) Do YOU CONSlDYA TOUR5ZW RIC11T OR WT IW:DF? EDI I M(

(28) -JiicH II.fD D)O You USE TO PULL TiIE TRIGGM? CM EL
(29) H15101Y OF ACCIDETS2T (Any accident requirinig medical attention such as

* serious sprains, broken bones. etc.)

(30) HMOMSI (Particta'.arly outdoor activities suuc as camping, hunting. fishing~, etc.)

4.O1UIN2VATIONS ON1 ALL PATWIETS

j ~~~~~~(1) COLD AXLtJT111IN 3Ai¶I'LE (10 cc.) TDOZ TAKEN: _____________

- ~~(2) P 7M-O'NAL Ifyt11:21 (Swisd on C1,a.iliness and Nsiitr~esss particularly feet)

EXCFWN-? EJOOD EJPOOR J

* (5) W*.ICliTt

(7) ORAL TV2tP'ýfAW¶RF:2___________

CRI A LTCAH r ~ IV0t)F1ATE HFAVT E
sY.T~ K TlCK:(T,%ken on Itirtep) EI1 i.iiL

:rRf-IOUIMlt TF.?T rATU?:

(9) MZiOD FLOW4: (Re-itur of skin color *ttter 10 1iec. pre5-.Ture on end of greal. to@)
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CODE SHEET FOR PR r-MPO3URZQES~FTIONNAIRE

1-4. IDI74TIFICATI0U QIIE•R_____________

[ 1 1 119. BATTALIONS 25-26. W
0. we data 00. No data

5-12. SERIAL NUMBER 1. lot Bn
2. 2nd Bi

00000000. No data 3. 3rd In, . En. n (Sep)
5I1 5. Otber Sep On 27-2. STATE OF BIRT!'.

1 A0-21. ACE (Last Birthday) 00. No data13-16. DAT AND N0,11I

OF INTERVIEW 00. No data i 1 ]
0000. No data

29. CL.A•IOLOGICAL REGION[L .. OF BIRTH STATE

22. DITERVIEW SITE 0. NIo data17. DIVI-SIOCS
I?& IVISONS0. No data

1. 40th Div. 1 Div* in Reserve
0. No data 2. Reg. in Resrve
I. 1st Ca,. Div. 3. Eh. in Reserve 30. CLDIATO)LOGCIC. REGION
2. let Mar Div. 1. Rnplaemzent Co. LIV1D .I I A'N-.ST PERIOD
3. 2kid Dlv. (new replace.-tent)
k.. 3rd DiVe 56 Replace..unt Co. (R&R) 0. No data
5. 7th Div. 6. K-16 (R&R)
6. 24th Div. 7. Annex 11 Patients
7. 25th Div. 8.
8. Hive. 8th Arq Units 9.
9. 45th Div. 31. CLLMATOGICAL REGION

23. RAN Lr, rED IN 2nd LIDNOSST

0. No data
0. No data 1. Private 0. No date
1. 5th Cav, lst Pan 2. PFC V. None

9th. 7th. l~th, 5th 3. Cpl.
l4th, 160th, 180th L. Sgt.

2. 7th Cav. 5th a•ar. 5. Sgt. 1/C
23rd. 15th, 31st, 19th 6. N/Sgt.
27th. 22Ird, 179th 7. Com•t.sionod Off. 32. CL .ATOIDCAL mtRXOg

3. 3th Cav. 7th Mar, 8. LIVYFD IN 3rd I.ONGFz.T
38th. 65th, 3d. 21ist. 9. PrERIOD
35th, 224th, 279th

4o. llth Mar 2L. RACE 0. No data
5. -ap Units of Div. Y. None
6. British Co-,onwealth 1. White
7. French 2. Negro
S. Ethiopian 3. Mongolian
S9. Crook

! 199



4
33. I•T1ICS (XJTSIflE 38-40. CZ/IVILAJW OCCUPATICW 1j.o COJFFEE INTAKE

CONTLNENTAL LDIMTS. (Canteen cups/day)
000. No data

0. No data 0. Xo data
Y. None 1 -LNon.

2. Less than 1 cup
3. 1-3 cups

11. M9IING - PIPE . 14-6 cups
(Bowls/day) 5- 7-9 cups314. TYPE OF HABITAT 6. 10-12 cups

GREAT17 PART OF LIFE 0. No data 7. Over 12 cups
1. None

0. No data 2. Less then 1 bowl 46. SM DITAKE
1. Rural 3. 1-3 bowls (Cans/week)2. Suburban /4. 14-6 bowls
3. City 5. 7-9 bowls 0. No data .*
4 . Rural & Suburban 6. 10 bowls 1. Noftw
5. Airal & City 7. Over 10 bowls 2. Leas than I can6. aturban & city 3. 1-2 cans7. 42. SKING - CIGARS 6. 3-14 cans
8. (No./day) 5. 5-6 cans6. 7-3 cans

35. COLDEST TE' "F EXPOSED 0. No data 7. 9-10 cans
1. None 8. 10-12 cans0. No data 2. Less than 1 cigar

1. Above 32" 3. 1-2 cigArs 147. 0OHPAT WERIENCE"2. 22 to 320 A. 3-4 cigars
3. 12 to 22 . 5. 5-6 cigars 0. No data
/4. 2 to 120 6. 7-8 cigars 1. None
5. -8 to r 7. Yore thin 8 cigars 2. V4d II-Zropean &S6. -18 ta -a* It. Africa
7. -28 to -180 43. S!IKI'JG - C•GAfTrT3 3. V14 I-3o. Pac.
8. -38 to -280 (Packs/day) 4. W: 11-Alaska9. Pelow -3" 5. r II-Iceland &

0. No data Crenland
36. LE:;GT! Or .••uRE 1. Nlone 6. V'J I.-JeipAn

2. Lass th.n 1/2 pack 7. VWf II-CS--
O oat 3. 1/2 pck S. Korea1. N~one 4.. 1 pack 9. W4' 11 i Korea
2. Le~s than I day 5. 1-1/2 packs
3. 1-2 days 6. 2 p.acks 48. FRIV•CUS COLD INJURY
/. 2-3 days 7. 3 p.acks
5. 3-7 days 8. Yore thn 3 1acks 0. Pro dst4
6. Over 7 day-. 1. Nlone

1&. ,ACCO C11Ifl'-;IG 2. F."1t'ite) 7. EMJM'7....T WRIN~G (Pl1.1./week) 3. T-*.rch.•oot

COLD SPZL =-- . C1- IIIb. aIn
.. No data 5. 7Fr-tbit! & Tr~nchftot0. No data 1. ;Jcne A. ?st•it & Chilblain1. ;:,on 2. 0-I plug 7. Trerchfoot & Chilblain

2. &Ojt,!onrz .-,ostly 3. 1-2 plins S.

i•-2o'•rs & Cu t,>ors A. c:ore tha.i 7 p1 ,"t:s3.

6.
7.
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4.- 0KAWCAL SITE OF 57. wmm OF LCMB - 63-64. ,IGHFZT SCHOOL CAADE

COLD INiJURYi COWI•E='D
0. No data""'

0. No dataI1 ,ln 00. Nio da&L :.

1. None 2. 1-2 "

2. Rt Hand only 3. 3-4
3. Lt Foand only s,. 1-6 -i i
3. Rt Foot only 5. 7-8
5. Lt Foot only 6. 9-10 .65-67. AGCT SCORE AREA I

6. Both Feet 7. 11-12
7. Both Hands 8. Over 12 000. No da',"
8.-Both Hands & ceet 9.
9. gars, Nose, etc.

58. t1mtI•n OF Films,
5 0-151. T:.AR or ;•iW"

0. No data 68-70.: ,CO.S MAA III
00. go data 1. 0Rone. d
10. None 2. 1-2 o:e data

2. 3-4t

_ . 05. 7-8 t
6. 9-10

52-153. STA. OR PLACE 'Ai.S 7. 11-12 71. YCL1TeW. DICIr LINARY
54-55 I A1.'- T.ED 3. Over 16.2Mare Cp9.
00. r.o l-ta 0. No data

o.• No d.dta 6 0. more-f t ourt Martil al
9. 1one 9. Sreil Court rtoalboe
2. - 5e 1ner Court 2arti "•

54-55. ACTIVITY AT TI., 9. 372 6. Vore .l.•. 1 Co..pJny.
07 141.JUPT 4,. 15-6 IPwdshnent

5. 7-8 7. Mor tOOfan I iw:.ii0,ry dt
00. No data 6. 9-:0 d. ,ore than 1 Special CM

.99. None 7. 11-12 9. Fore than 1 of atove
S. Over 12

9.[ - i 9. 72.O A11C11 OFO PV.OUS '."

99. Io~r;0

6,C. O "% .0"ATIOTNS 0
6. TYPE Or 001-D "W FR 0. No data "'.
TPA!!; l.iz 0. :.o dat-a 1. N~one

1. N~one 2. Malaria "'
0. N~o da•ta 2. 1-2 3. Jaunc~l ee'.

1. Nlone 3. 3-4/ ],. Pt~eironia •'
S2. l~etures I•. C-6 5. lUnding., Fe-.ers "
J. Fi 1- 5. 7-8 T,.uberculosis

#.Clotn.n'- P-.: " ,: •'r,;o:0 6. 9-I0 7. •D'h'•-iq
5. Co.ld "4-ý.t.".r 0j1>,r..tion., . 11-12 A. lPe.--turia-.
6. Co"-r-ýt i•.6 Co0,A) Re-,.;"• 8. Over 12 ýJ. More than I of .Iove
7. Mort- •.•. 1 o f 1d 9.

9. 611 4-,2. .10TAL AVCUN'T OY RIV:/7i!.:?ON:

00. N:O dalta
1)9. *;o!;e
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73. PAT~IJTS ESTIMATE OF 77-78. )EEBIES
1f)0T SirATING

00. No data
0.So data 53. Non*
1. None
2. Light3. Moderate (Avg.) [ I

. .. Heavy

OD. CARD DESIOTO!iR

0. Quartermaster0. No data 1. Pre-Exposure Quest.
1. Roight 2. Pro-Exosure Biological
2. Lef t 3. 4~id'=i1oloical Control
3. Ambidextrouas . Study Patient

5. pRtine Patient
75. TUC 1 WareAD 6. ICC

0. No data 7. Laboratory Patient

0. Righ data S. Laboriw~ry Control1. Right 29. Pre-E•qvure Coitrol2. Left fd.nd3. Either Hand

76. ACI D1r1T P72Paen

0. No data
1. None
2. 1-2
3. 3?"4
4. 

.5-6
5. 7-8
6. 9 or over
7. Athletic injuries only
8. Accid,.tOs and athletic

in.•,rtes _
9.

1
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CCDE SHEET FOR PRE-EXPOSURE -BIOLOGICAL SURVEY

AMKE RECORDER__

CHECKER

15-16. HEIGHT IN INCHES 27-28. BLOOD FLOW!- SE(OXNDS
PRESSURE ON GREAT TOE1-4. IDENTIFICATION !,MBER 00. No data

O1. Below 60 00. No data
0000. No data 02. 60

03. 61 I
c4. *62

05. 63
06. 64 29-30. COLD AGUTININ TITER - A5-12. SERIAL NUPrER 07. 65
08. 66 00. go data00000000. No data 09. 67 01. regative
10. 68 02. 1:2[ I I 11. 69 03. 1:d 4
12. 70 04. 1:8
13. 71 05. 1:1613. PESONAL HTGIL!E 1.. 72 06. 1:32
15. 73 07. 1:64-0. No data 16. 74 08. 1:128

1. Excellent 17. 75 09. 1:256
2. Good 18. 76 10. 1:5123. Poor 19. Over 76 11. 1:102""

12. 1:2048 and over14. BODT TrPE 17-19. WEIGHT IN POUNDS
31-32. AGE OF SW•LE (DAYS)0. NJo data 000. No data

1. Eet-o-corph 00. No data
2. Ecto-r'esoorph
3 . M e s o o r p h 2 0 . ..... . . e

5. EZndo Forph 20-22. PULSE PAt•N',aN (RFSTInG)6. e0. CARD E•=I(2ATOR
7. 000. No data

0. O. iar.e.mster

1. Pre-Z.-osure Quest
2. Pm vz-osure Bioloecal
3. Epide-iccloical Control23-25. ORAL TU2ERAATURE 4. Study Patient
5. ficutine Patient

000. No data 6. ICC Patient
7. L-aboratory Patient
S. Liborator- Control11111111 9. Pro-Exp-tsure Control

26. cGoss smoFA? ERAI

0. No data
1. Light
2. Yo•!crate
3. H.eavy
4.
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1. IfODUCfIO,

Epidemiology is the sttudy or the mass phenomena of disease. Its

principles were developed as an approach to the understanding and meas-

urvisent of the interrelationships between the agents of disease and the

host whose receptivity Is modified by varying environmental factors. It

was only natural that epideiologic principles should first have been

applied to the coctunicabie diseases, for the dynaMic changes Involved

in acut* outbreaks or epidemics ot Infectious die..., were dramatic,

fairly obvious and, in many cases, readily measurable. Poreover, these

diseases drew attention to themselves by their rapid and frequaently

cyclic production of excess stortality. 5=11 wonder then that epidemi-

oloar saw its birth and developm~ent In the Infectious diseases. Chronic

diaet~e, with its less drirmxtic and insidious progress, Its endemicity

as opposed to acute or epidemic outbreaks and the cublety of Its eti-

41 olog~v did not receive epidemiologic attention until rolatively recent

years (1, 2, 3).

The application of this reim~en to the study of tra=&s was in-

evitablt (4).) for the techniques of epidemioloff are designed to Assess

enviro-m.ental codiryin.- factors, mode of application of the etiologic

agent and variations In hosit su~iceptibility Irrespective of the form~ or

charact.Ar of the etiologic agent its-Of (5). Onythe agent varies

ra~ical11y In torm in the bosf-zk,-int-e rtorartent con~plex. Yet this

Svarlanrie is sliperficai for the end re.-tult of the Application of any

I-ST

208



I - .* . ..--.. . ..- . . -- --

RESTRICTED

agent Is damu-e to tissue, whether it be the toxin of the diphtheria

bacillus In a susceptible child living in a crowded institution, a

moving part of an unprotected piece of machinery on the hand of a

stamp-mill operator in Industry, arsin* gas inhaled unsuspectingly by

workers in lead-reclaiaing: processes or freezing temperatures on front-

line infantrymin pinned down by enemy fire on a patrol. Whayne (6)

has set forth the paralleli3ms between the host-parssite-env.rornment

relationship In Infectious disease and the host-agent-environment ctg-

pleA in trains such as cold injury. He also has deonstrated the

fruitfulness of the epidoiolcgic approach to the study of one type

of cold injury, naxesly. trene.Toot.

S'•,r Korean War" has afforded an opTport~nity to study an•,ther

and more sev.,re : of cold injury, frostbitv. Orr and t aoner

have described uuch :. -.ss trau..a. Both of these authors and Whayne

k hatie posed *-3vor.l zl#,nificamt problems In the ev-aluation of the rc-

lationship between the ,gent, cold, the ho3t, the frint--ine rlrfitThn

and the envircrnuental factors.

O Enldu.niolorj ihould, then, be more properly rtdefined as the

Istudy of the mass ,bencn.nx of dise.se oIr trautrA, I.e. the knowledge

of tho event, nodirying ho:;t and onvIrornmntal factors and their inter-

" , relaticnshins. Since the goal of epidemiology is t.reventlon and since

S •cold injury r.iins an tmnprt.uit problo-.i in military oporations the

3ar:es.•-ent of theýo r,)1.tio;i:hipo takes on a :v'-cial, snifticance if

the problp-rj i- to be reol:'i or at l',.jat r(duced to an ii;ninfcant

rdnirnr. S-ie cold injury -rctably aw.byu .dll occir, for c.en with

a perfect h-.t-rtaing ý.d V-.L'-i|at1r4- cn:e t uifor, :tni nearly

209
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perfect hand and footgear, extenuating circumostances of duration of

exposure, pinning enemy fir~e, damage to clothing, extreme persoral

nieglect and poor command, to nsame but a few, will operate from time

to time to Froduce an endemic Incidence of cold injury. These re-

lattonships sue. be appraised to the end that the Incidence of such

inuries will be mdintained at. or near the irreducible ainimut.

In the cccsmicable diseases three points of attack are pos-

sibi, though not always practical in control. The agent (or its

reservoir) nan be eradicated as In the destruction of tuberculouss

cattle. Its transmdssion can be interru ued as in the isolation of

cases of Infectious disease or as In the eraication of' the vector

(for taietple the napheline mosquito in malaria). Finally the suse-

ceptibility of the hoAt can be reduced by providing adequate nutrition

and nrieta'1ning heltaiy hysnoloic proces3es thuth enhancing his re-

sistance by developing an active acdueree ointity.

1A cold ineut7 the aeent cannot, unfortunately, be eradicated.

for a-P long as wairfare Is conduicted In cold clivAtes, low ttetperatures

lcattlweys be optratis . Aain, the ;%Gent cannot be isolated unless

the locale for such waxrtare is avoldel. H~owever, an atte~mpt can be

rades to interfere t lth the otran&.nisrion of the agent* 1 e reducing

heat 1le- in nrier- cancveline way. Tis may be done by Increasing

hoist r,,uatanne .tb eincino, shatever aictors es ntrhb•bte to this re--

tison•ie, or reduchr.i a• reeptibily by d1n1rA.z1nv or aibrllshing thcoe

factors tich n reret-t- the anricentibity of the hosut.

At the end of "urMd War I1 cert.sn rtrtiv'r,t proble-as in cold

210
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injury remained unanswered, (6). To mention a few, low temperature as

the agent had not been completely explored and quantitated in estab-

lishing a gradient of injury, nor had attempts at measat.ng predict-

ability from anticipated temperatures been successful. The relation

af duration of expasure to temperature as an index to injury had not

been delineated and the synergistic effect of wetness had not been

completely evaluated.

" Similarly, factors rodifying host resistance or susceptibility

remained to be quantitated arvi their interactions asizsed. Among

these are previous cold injury, nutrition, fatigue as & product of

the intensity and duration of stress, training., race, geographic origin

azd possible acclinAtization, inherent constitutional factors and such

paych*3oCial factors as morale, motivation and intellizence.

Th3 soc ioconcedt¢ aspects of environmrnt also weore not without

their una;nvereI or Inadequately defined problc=s. M7e role of in-

te-•aity of comhat activity ren3ined a•i elusive qtrtntitation as did

shelter, clothlru#, foot discipline, lsAdership ar.1 .it eun rit nc•,.

Th.,js the studies of the Europe-an Thoatre of ber.-tion be•ced

not onlr for r!poti.tion in application to frouitbite b•t also for ex-

tension in the hope of clarifyine ,%t lc.-at a few of ti.e rolationihips.

The Kore-n conflict thus bec:.: tOw fiel-I study lab,.r•-try in the epi-

d-x'iolo~ic aeproach to cold inijury.

In tho •i.nter of 190-5•i a syiten:atic att(tqt to analyze the

r o, t1p f.eCtir unt•.butt:i to ris frostbite in militarT orAratlons

w'ta --. 1- (7). In the w,;:t.r of i7251-52 a ror- !et I ildJ study d'rected

at i.: ntct•t1, 1 ,• e] rityir'tr the roe,.s of the severAl Modifylt.z fact')rs
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was undertaken. .This report deals with the letter epidemiologic Inp-

The principle objejctives of this eoidesdologic study includeds

1) A general description of the over-ail1 frostbite incidence

and Its relation to the mllitary probleim.

2) The debneation and assessment of the multiple factors

modifyring the host-agent relation ship in cold Injury.

3) The determination of thc~a factors or attributes which

deteruine that one soldier shall, be traumatized by low

teimperatures, while another escapes although both a"e

subjected to the msas stress In time and place.

4 ) As an outgrowth of these studies, the recameemdat~ion of

certain tamwaues to be applied toward the prevention or

at least the giirdM-aticn or cold injiury anong troops

operatinq In subarctic or arctic climates.

The Korean tertrin encompassing the Wan Line of Resistance is

nottntainouq ws.th narrow valleys on the east. but with lover hill and

broader vAlleys an the west. Rivers are shallow except. during the

sprirng fre~hets and 3%=-'r rains. The cliu.xte baa been described in

Section I of this report and the temp4nrature ran~ges pertinent to this

analysis will t,! discussed below. The repeated forw~ard and retrograde

a~vetents of combatant forces hytve produc-.d devastation of villages in

the battle zon'e, thuis rarely providing shelter In nAtive hut.. and

buildings.
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Wt'ing the winter of 1951-52 the first cold weather fotad the

United Ni -ions troops on a stabilized line. Heavy cosbat was less

freqent. Most of the troops were in bunkers and veil-developed fox-

boles, although several units found themselves enlarging forxoles and

building bunkers in sectors previously held by South Korean (ROK)

troop.. Except for sporadic enemy attacks of regimental size during

this Interchange of troops positions, when the temperaturer began

Sdi-pping and snow began to fall, the action along th, front was 'roe-

tively ainimal and was characterized predo-imantly by patrolling and

line holding in static defense. This was in marked contrast to the

active offense and retrograde movemaent preceding the Hungnam evacuation

in the winter of 1950-51. Ccmbat activity in its full range did not

occur In the winter of 1951-52 and its role in the production of frost-

tits, comld not be copletely muamnued. A front" eng:.ed in static do-

fes-i did present relative st.bility or constancy of enyironzent and S

acti-eity so that other variables of host-a.ent relAticnships could

x~re readily be anml•yzed. Such aciLon peraitted Oon-the-line' investi-

g.-tion of factors leading to cold injury and the careful selection of

"Obmker-mnte" controls.

7O . -M'00; OF MMS '

Field co.dition3 rarely pormit the control of one variable so

thit variations in others m.ty be observed. Nor Is It alvwys desirable

to do ths for tV.e 'norrality" of interActions are interfered with and

thq true r1.-Ation-hipn bttben factors obscured. The survey approich

r'y elicit d3ta in vertic3l (cro3s-aecticnml) or lor:,itudinal (a con-

ttnutrx In ti.e) fathion. It Is a useful tool and, vten applied prior

213"v. .
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'Os concurrent with and following an Incident or incidents, will pro-

'Serve the Pnormal* relationships in their true perspective and permit t,

valid interpretations.

The survey approach was applied to this epidemiologie study for

both aaso and controls& A standard cede sheet (see General Summary)

was utilized for both group. Interviewing was on the basis of pre,-

determined standards and question content and this, for the most parts

minitized differences in technique. Such differences in technique are

described in the pertinent sections in which they occur. The epidemi- '

ologlc controls were lnterr-ewed in all instances by the author with but

fes" exceptions. These exceptions included the controls o: the 65th

ReStment (Puerto Rican) who were tntervieeed by a Spanish-speaking

Previntive Medicine Officer and those of the Thailand Battalion and

Ethiopian Torces who were interviewe4 by their respectivo battalion -

surgeons. These officers were oriented and in?,octrinated Intensively

in the objectives of the survey and the proper use of the code sheet.

Since cold Injury had been shown to be primin~rily an occupational

disease of front-line rifle:-on (6, 7) the evAluAtion of factors contrib- " S

uting to excess cold injury in this grouzp would preferably be predicated

upon comparisons with zuitable controls, drawn as a s&mple from the

=allest possibls functional units so that the geographic location,

time of exposure and general type of activity for both case and control

would be identical. In this way slimilarity or Identity of otress for

the two groups would be acbleved. T1his method o~f selection has led to

the tarn "bunker-mate" controls for the control group. This approach

had a3 its goal, the explaoration for the occurrence of frostbite in
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one individual and not in another under Identical stress.

With each outbreakc of frostbit~e cases, the divisions contr~bu-

ting to the Case load Wcre Visite.1 and vital data were obtained on

each case. This Included the unit of origin, race and approximate

time of injury. Conferunces were then arraneed with regimental and

battalion surgeons and unit commnanders (battalion or company) for

pucrposes of determining the exact activity an~d location and, as ac-

curately as possible, the time of onset of the patient's Injury.

With this inforzation confirmecd by unit records the control subject

for interview %as then selected froni the same squad or bunker from

which the case origlinated. Thuis, if frostbite was Incurred on a

patrol, the control to be selected had to be on tie same patrol, In .*-

the same !ocation and tngagc'i in virtual~y the same Ceneral activity

as the case, If Injury occurred en a vehiele, the control selected

was a me-iber of the s.iae trip on the rwie vehicle; If on the M'ain

Line of Reiistance in a tw)Jiolc or bunker, a fQ71ii'le mate or bl.-rcer-

mate. A ccnrariz~on of distributions bj w,it a.-. ccmbat role for cases

'Ind b'.mker-mate centro1s is prenented in Tables I and 2# resi~ectivel..

Becau", of the s.lrercentage of No~ro troors In rront-Itne units

(9.0%) the control graiip revealed a raice distribution similar (8.1%)

to the front as a whole rather tfhan rerlecti.T, the relative ind dence

(Table 3). This beccces unda-rA-%ndabie when it is realized that a

squaid-r'zed r-itro! with one Nerro woujld haIve no !.'vgroes left for inte:-

vi.!-wing If e,)Id tn,;ury clalmaed the one. SInce -,election of controls

was 1-rir-:&riY on the 1Lii~is ot similarity of r*,re:;s a race for race

:,electlori :rfnld not ho. nide. This Is riot a defrect as will be de'-

scrlbe4d cdtr"L*cew b-!low.

215



/

* RESmTMTM
TA3LZ I

DISTRIBUTION1 OF 716 UNITED STATES CASE OF' FROSTBITE
AC00RDD TO UNIT ANlD COBAT 2015 -

Numb-r of Cases
Other

Infantry Divisional
Total Battalions Units

of? ifof oCrand Division Division
No. Total 4.o. Total P'o. Totol

1st Cavalry Division 9 1.3 S 68.9 1 11.1

let Wrine Division 10 1.4 6 60.0 2 20.0

2nd Infantry Division 24. 3•. 11. 58.3 10 41.7

3rd Infantry Division 96 13.7 88 89.6 10 10.2

7th Infantry Division 200 27.9 179 89.5 21 10.5

24th Infantry Division 76 10.6 63 62.9 13 17.1
b ..

25th Infantry Division 47 6.6 '33 70.2 14 29.8

40th Infantry Division 64 8.9 55 85.9 9 14.1

45th 1.rnrvs.n121 17., 93 74-.4 12 u..6 "'.-

Total in Divisions 653 91.3 541 82.8 112 17.2

YAse. 6tb AMy Units 55 7.7 .

Unit Unknown 8 1.1 -

Grand Total 716 100.1
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DISIRIPUTIOM OF 455 BUJNKER-MATE CONT1MLS
ACCORDING T. UNIT AND COMBAT ROLE

KOREA, 1951-52

Iuimbor of Controls
I Infantry Other

Unit. ___tal Bat4talions Divisi~onAl. Units

Grand Division IDivision
?IQ. Total_!1lo.I Total No. Total

-• .

3rd Infrantry Division 57 1'2.5 57' 100.0 - -

7th Infantry Divis.ion 162 35.6 162 100.0 - -
24th Infantry DD.1sion 4.7 10.3 39 83.0 8 17.0
25th Infazntry Divilsion 11. 3.1 13 92.9 1 7.1
401.h Wa(ntry Division 58 12.8 51 87.9 (7 12.1
4.5th Inlantry Divirion 117 25.7 7 74 .5 130 25.6

sotal 45 100.0 40 99 1 6 10.1

TABL3 3

DIM-RLUfIOT OF 7i6 C N-As OF FmR•S • "" AND
455 Mtr.,-WTZ U0i7Th0LZ ACOD•0 INC TO RAML

KOV1ZA, 1951-52

canes_ Controls
"o.". o%______

Grand__iK. co _Diision

White 4v7 51.2 1#07 89-5

N l-giro 291 40.6 37 8.1
Mo n 8 1.1 1 2.4

Tota l ''1 6 99.9 455 100.0

Zulrfici-nt t, t,-ikn with each mibjdt't to esat~blish rapport

an~d ai.:;urom him the jn'-.tview waz cenritiintial and uznrelate~d to any
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comanid Investigation. Every effort was made to fix the incident

In th. subject'~s ~mind to fa(6lhit.ate recall of details. For example,

this frequently Involved refreshing the subject's memory on the

tactical details of the petrol and using area maps In tracing the

specifi~c activity. Am, atteapt was made to interview control sub-

jects as soon as possibl..after cases occurred. In no Instance did

more than 3 weekcs elapse. As an Indication of the general reliability

of the data collected in this fashion there may be mentioned that for

LI55 instances, only in 26 or 5.7% were disparities roted. These were

corrected acc~rding to the more reliable information of the unit

comander or medical corpsman. Subjects were usually interviewed

a -.

In the relative privacy of battalion aid stations, regimental col- .A

lecting stations or in forward buricers without the presence of their

commantding officers.

Further data for compnarative purposes were derived from the

*pre-exposure 3tvdies irderendently conducted on a cross-section of

front-line replaceirents. These served as a saumple of the front as

* a whole and will be referred to as pre-exposure controls.

Data relative t -init strength, incidence of battle casualtiOes,

non-battle Injuries and sp--ciftc disease admissions were obtained from

the statistical office of Eigh~th Army Medical Section. Data on unit.

geographic dispositions, tactical deploym~ent an~d gradin~g of activity

were obtained from the 11istorical Section of Operations (G-3) Eighth

Army Headqiuarters. Grading of activity for regimental units was

bsed on t'e en -code technique of the Historical Section an In-

2.~," he.,,o

eluded: patrol with enemy contact, patrol without enemriy contact, -
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light action (elements less than one battallon involved), moderate

action (elements of one battalion or portions of two or more battalions

involved) and heavy action (all elements of two or more battallonm

involved).

V1. I?(ICID--'Cg

A. General

The winter campaign of 1951-52 in Korea yielded fewer.

cases of frostbite than did the operations during the pre-

vious winter. The disparity in the two series can readily be

acmo ted for by the relatively moro quiet and static front

in 1951-52 as ccompared to the active offense and defense

ani rapid retrograde movements in 1950-51, the colder zone

of combat operations Irn 1950-51 (see Meteorologic Section)

and the more adequate clothing supply in 1951-52 (see Quarter-

ca-;ter Section).

A total of 1,044 cases of frostbite was officially re-

corded a=ong United Nations troopi in Korea in the winter

of 1951-52. Cf these, the majority (716) occurred in the

United States %ifhth ArTiy (Table .) and represented, with

th-)ýe of the Lthiopian Exped!dtior.a7 Forces, Thailand Tlat-

tLa1ion, Colombian 3atta-lion and Philippine Expcditionary

Forces, the cases confirmed by the Cold Injury Research

B. REeative Attack .Ittes for the LUnitqJ Nations Forces

The nver-all United Statn3 ii,..b Ar-V rate wis 3.04 per

1,,'..0 strtwth for the entiro rA'r.,>4 In which cad4 injur7

- 9W
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'occurred. Tn emparing the Incidence rates among the several

co¢-ponbnt United Nations forces one Is Imediate1y struck

with the much lower rate (0.93 per 1,000) far the RIN troops.

TABIR 4

To.AL INCInlCE OF UNITrr NATIOtS F-RCSTBTE CASES IN KOMA,
WINTE OF 1951-52, ACCORDING TO CDOI",. OF ORIGIN OF TROOPS

Period rate

United States 115th AMu) 716" 68.6 3.04
South lorea (Ro.O) 2 21.8 0.93
Ethiopia (Mcpeditionary Force) W 4.0 33.65
Thailand (Battalion) 30 2.9 21.47
United Kingdom (C.-•,onwealth Div.) 17 1.6 0.90
Colombia (Infantry PFttalion) 104 1.0 9.24
Philippines (Battalion Coobat T&%m) 1e 0.1 0.72
Belgiux (Unitod Nations Forces) 0 - -
France (Infantry Battalion) 0 - "
Greece (Ebqxeditionary Force) 0 -..

Netho rlMds (Dotachm-nt) 0 - -

TurkePy (Armud Forces C fld) --

Total Ch 100.0 2.07

Confi--'ed by Cold Injury Teamt

The question of relative suseeFtibility or acellwAtization

ic=odiate!y arises. Are the Suth Koreans more fLmne" to

cold by having lived pr1nitiveS7 in th.a ti-rrain for centur-

ios? In thir regard, attenti.- =ust be c&lled to the fact

that the Korean winter cli-"ate does not differ significantly

from tho cli.ato of Northeantf.'n United States. How, then,

can one acco'nt for this disr.-nity? In the opinion of the

authors the Incidence figure fcr F,)K troops t-s not reliable.

There was reason to believe that the bulk of first degree

s.md a nnt lnn.gnlficant r.- of second den3 cases either

220
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never came to midical attention or were not evacuated from

the iront lines. Assuming that the offlciaL incidence data

were lacking only In first degree cases and correcting for

ROK divisions on the Main Line of Resistance only (excluding

the divisions in training and those engaged in Operation

Ratkiller - guerrilla warfare in Southwest Korea) the cor-

rected incidence rate becomes 2.51 per 1,000 for the entire

experience which begins to approach the incidence in the

Eighth Amy as a whole. Personal field observation seemed

to indicate that poorer bootgear was being worn by the ROE

troops. This would normally operate in the direction of

producing more cold injury and a lower figure would lend

some support to the theory of greater resistance to cold

among the Koreans. iHowever since sdequate data relative to

bootgear and other clothing were rot available for q'unti-

tation, corr.ction for this factor was not possible. Thus

subAantiation of ay hypothesis of difference In suscepti-

bility is difficult.

Attention is next directed to the low incidence of frost-

bite amr.ong United Kingdom troops. A cursory conpariron of

the rate (0.9 per 1,0O0): to the over-all Eighth Arn7 rate

was of cour:se not valid for the latter includes arr. and

corps support. Reference to. Table 5 reveals a rate of 5.95

per 1,00O0 fcr all United States divisions. The British

Comnzorn'ca.ith Division rate was thus approxL.matcljy one-sixth

SFor total 5 m.ci.th period.
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of the total United States divisional rate. Comparison,

however, with individual divisional rates (Table 6) placed

the British Coa=onwealth Divison at about the level of thm

United States 2nd Infantry Division (1.2 per 1,000)'. One

reason which may be advanced for this low rate was the signifi-

Iantly higher average m!nimmn temperatures to which the British

Commonwealth Division was exposed in occupying, the southwest

anchor of the line as compared to the United States divisions.

In addition, the intenvity of combat in this sector was milder

than for most other sectors along the front.

The Ethiopian Expeditionary Force$ a battalion size contin-

gont, had the highest incidence of fro tbit* in this eoperience

*" when compared with the E|Mth Art= as a whole (Table 4). Even

- •when equalization for size or unit was considered this unit

had approximately three tirci th.e rate of the overage United

States battalion (Table 5). This rate was exceeded only by

"one United States battalion (2nd Dn., 17th Reg., 7th Div.)

the bulk of whese Injuries occurred while wearing leather com-

bat boots in a snowstorn during an enemy att&.ck. Pecause of

languar-. difficulties, It was not possible to assess contribu-

tory factors in this situation. The Ethiopian Force came from

silar terrain In their rative Lind with a wide range of

Ltc':.erature extr'ýs-e-. It is preoitned, but not clAimed, that

roor orienitatica, '_ A of cold weathor training and uxp.riences

,Lv.dql. a:te utli•. ztion of F,•."r and onc:'q attack contributed

*O For total 5 r-o-th rcriod.
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to thi exes mobdiy Th oeo snt la u

. oti xesmorbidity aogUieStates Neroleo traoos Tis fao r mlay u

have, predominated for the Ethiopians as well.

Th Thaland Battalion received replacements during a severe

.• ~'drop In temperature. They had the mis/fort•'a of having• to

move durtrg a snowstorm with several vehicles breaking• down

and slowing the convoy. This group etas directly from Thailand "

with Its stropical tamp--ratures to a subarctic zone. They

had no previous cold weather training; or orientation in the

us* of cold weather Sear and the need for muscular movement

tohen emobilesed in cold. Their over-all period rate was twice

that for tye average United States battalron.

The Colombian Battalion experienced a rate about equal to the

average United States battalion rate of cold Injury.

C. )•onthly Incidence

The first outbreak of frostbite In the winter of 1951-52 in
dorea occurred late In November. This first pea of injuries

not only was the largso st o eak of the winter season gut donsti-

ntutd 3s of the entire Eighth Aroy exaerdinee (Fic . 1). The

ntirt month opi December produced less than s ne-bti rd the nT
sbe of injur.d which ogcurred in the last f eek •s n November

even though the means of the average daily ti.tevtratures were

r virtuahe y identical at the two periods and the meao einqura

aevperature 2 dedrce (SFt ) colder in Dra e ber (oppendu.x Table 1).

noThe Jority owa t nJureeiIn Move-obftr nccurrel snetso ditisons

, ; 224
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and, more specifically, in three regiments engaged In taking

over ROK positions. While attempting to enlarge foxholes and

bunkers the enemy attacked the battalion positions with regi-

mental-size forces. The troops had gone into their new post-

tions wearing leather ernbat boots because of favorable weather.

The enemy struck as temneratures declined and snowstorms de-

vyloped. This was the first cold period of the winter.

Blair and Dimitroff (e) have postulated a lack of ac-

ellmatization at the onset of cold weather-pointing to a

similar sassivo outbreak of injuries at the onset of cold - "

weather in the Korean winter of 1950-51. The data of both

seasons supports such a view, but it is obvious that cembat

activ~ty with its ir-obilizing action and indequate boot-

gear manifestly contributel to the excess incidence. I,

January and February Incr•-ases in Inciderce were primarily

temperature effects on an otherwise static front. Rising

temperatures in Varch ard the completion of issue of the new

insulated rubber ceobat boot contributed tn the marked drop

in incidence in that month. Further temperature correlations

with daily incidence will be discussed in the subsection on

"•hysical Envirorrn.entw.

D. Weekly Incidence

Weekly incidence rates reflected prevailing low te.neratures

or zudd¢n drop. in temperature and presence of units in front-

line positions (Appendix Table 2).

E. Occunjtlortal Zeloctivity

It has been shcwn (6) that cold injury is a dioeare of front-

S..sriher
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line riflemen and may correctly be classed as oeupational

trauma. This concept is readily acceptable wAen considering

the iziobility of troops under ene.my barrage. It is the

front-line rifleman who is pinned down by eneV attack and

esf.ecially so on active defense. It was interesting to ob-

serve whether conditions of static defense also would conr-

centrate such injuries among front-line eleftents. Analysis

of the vital data for 7C8 of the 716 eases is presented in
Table 5. It will be noted that, whereas divisions made up

47% of the strength of the Eighth Arr7, 92% of the cases were

in divisions; regiments represented but 28, of the arms.-Itrengt.5 yet claimed 811 of the cases; and battalions, with

but X1. of the strentth of the an.-I, sufferc4 761 of the cole

injuries. An aproxJm]ite rAtio of 1:2:3:4 was noted atong

arity, d1visiont-, reglinents and battalions reserectively. Witt

the division as the echAlon of r-forence the ratio was 1:1.5:

for diviSIon, regii•i..•t and battallicn respectively. With the

regi-.ezit as the ecbelon of reference the ratis was 1:1.3 for

regir.ent and batt.alion, once more e.mrhassiing the front-line

locale of cold injury even in stoitic defense.

F. Lhit Attack Rates

'.any factors have been Lmpiicated as contributing to or

Ld-i)fyir.n cold Injury. The ruab-r of cctcItr.o-tons uf the:,e

fact-rs o,.'r:,ting tctards an Increase or - redction of cold

iour:, irni ;,!nee In any rivn unit is forn-ldat-e. Since In-

,i'iid:'2 unit. o.x.-,.rie.nc,d relatively low Incidence on a

2271
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weekly or monthly basis in the 1951-52 experience in Korea,"

subsequent analyses of factors are for the Righth Army as a

whole. There is presented a cursory description of differ-

once* among the several divisions and regiments in Table 6.

Though alluded to wherever pertinent in this section, the

role of combat activity will be discussed in greater detail

below. In Table 6 the total period rate reflects the abso-

lute case incidence for the Individual divisions. The man

monthly rate corrects for total time of the unit IL Korea

i.e. adjusts for those divisions present for but a fraction

of the 5 month period.

Referring to the total period rates it will be noted that %

the 7th Infantry Division experienced the highest rate of

frostbite amono Unit.d States divisions. The role of combat

intensity, clothing and weather (in relation to the 17th 9
Raotiont of this division) as contributory to this incidence,

has been mentioned above. This incidence was primarily in-

eurred in Novem~ber and definitely influsgneed the total period

and moan monthly rates of the division. The 45th Infantry

Division had the second highest 5-month period rate. Moderate-

scale company attacks with reconnaissance company support in

January, as well as tark raids in February, contributed in no

small w-Ay to excess frootbite in this division. The 3rd

Infantry Diision with the third highest rate suffered most

of Its cold inj'iries in Novetabr and principally in two

regirents, the 7th and 65th. The former found itself in a

228
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XMH~LY FROMTMT RATZS (per 1000 per azoux) RESTRCTE
FOR DrVISIOt4S, BEDM2TS ALND StJppOjT M.21IIrxm bbi

UNrME STATZ3 EIGHTH ARMT, KOMZ, 1951-52

Total Mean
Period Rate Monthly

V~iT ver 1000 Rate/i00 Nov. Dee. Jan. Feb. March

lat Cay. Diy. 0-5 6.4 6. - -

5th Pieg. 13.1
7th Reg. 6.7
Sth Reg. n11

Support_
l't PAr. Div. 0. 0.9 4 l 2.

lot Reg.
5th Reg.~
7th Reg.

?md Ynf. Div. 1. 2.8 1.9 2.0 6. ;? I .
9th Reg. 3.7 3.5 2.7 3.7

23,rd Reg. 7.8 3.6
38th Reg. 3.5 3.5 21.5

3rd~h.Dtv 4.9 12.0 .9_ _______ -2

7th Rag- 12.5j 9.8 10.7 .-

15th Reg.:6. 6.7 10.6

______ _____ 1 ~i 2 2.!. 1.6
7th TnC. Dliv. 10.5 25..Z 31:O0 10.-3j1 4 _.7 0?j.7...
17th Reg. 363. 35.s 11.0 20.9 -

31st Rrag. 13.81 344 2.-.9 18.7
32nd Reg. 7:61_6 0l 26.8 79.7 3.6

2=,.h i:Th. Div 4-ý 62 1. 1"
*5th Reg. 19.8 $0-7 i . 34.5

19th Reg. 12.6 11.8 6.r3

21st Reg. 30.8 19.6 35.0

27th Reg. 3.2

35th Reg. 13.8 13.0 5.7 56.1. 7.2

40th Inf. Div 47 3. 153.
ib~th Rag. .454.54 -

223rd Rag. 14.6 75.1
224th Reog. - 25.1

45th In!f. ivy 16- 0. 4 -k; .

___________ 1.2 691 7.
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situation Identical to that of the 17th Regiment, whereas the

latter was the Puerto Rican regiment. The next highest rate

was represented by the 40th Infantry Division whose initial

elements in January experienced cold injury Immediately upon

regimental Interchange. The 24th Division revealed monthly

rates which showed trends in direct relation to the monthly

temperatures, whereas the low 25th Division rate reflected

its reserve status (except for one regiment) for a great ,

portion of the winter. Contributing to the low incidence of

frostbite in this regiment was the application of weather

predictions in planning patrols and clothing of troops. The

2nd In. antry Division had an enviable record to which an

awara.aes5 of cold injury, early Issue of the insulated rubber

boot and reserre status (in the first period of low temper-

atures) undoubtedly contribut'-. The lt Cavalry's low rate

may readily Le attributed to its removal frem the theater

shortly after the first cold weather when it had but one

regiment in the line. The best experience uas registered

by the ist Marine Division which actually held colder posi-

tions on the l.ne. This division w:as equipped with the new

insulated boot before the first drop in temperature, which

undoubtelly greatly Influenced the incidence.

In general the mean monithly rates showed a high positive

rank-order correlation (rho - *0.830) with the total period

rates. The calculation -f the mean monthly rates however

chanted the order of rank of the divisionr-s frr the order in

230
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, which their absolute incidence occrred. An examination of

* ~Table 6 reveals the 4.0th Infantry Division with the highest

*mean monthly rate (but fifth In absolute incidence). The

24th Infantry Division had a mean rate equal to that for the

15th Division (which was second In a.bsolute Incidence) WAn

greater than that for the 3rd Division (which was third in

absolute incidence). It Is obvious that the cause for these

appnarent discrepancies lies in the absence ot the diluting

2effect of lower general incidence rates in December upon the

40th Division and a similar lack of effect of March rates

upon the 24th Division when these divisions were not in '.be

theater. Thus, calculating the mean monthly rate for the

5-month period may correct for the actual-duration of ex-'

posure, but does not take Into consideration the varying

weather and combat conditions month by month.

G. Degree and Site of Injury

Table 7 presents the distribution of the 716 United States

cases of frostbite by degree and site of injury. As right be

expected from the Interaction between Ln agent of varying in-

tenoity and a host of varying or modifiable rulnerability,

mild (first and second degree) Injury constituted the majority

of the caje load. This inverse relationship between ninbers

and qeverity was most markeed in the foot cacee, tut second

degree injury was more promincnt than flrs3. degree in the

haind case3. A ponzible eOpl.A.ation is that even a mild first

de~r,•, en.vo of frostbite of the feet without (by dA.finition)

P ~T7IM
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.VVsicUlationm is painful enough upon further traumatization

(such as:standing and especially walking) to present himself

for medical care, whereas a first desree hand case may exhibit

temporization because of less discomfort and less opportunity

for further trauma.

TAMN 7
D.smIUTIOff OF 716 CASES OF F•TO"TBTr'

ACORDING TO SrM AND =RFM G? DIUTIT

N-r of Case , - Site of InW i-

Feet and Hrnds

"I, YxrtsPa:Am= Rars
Degree Feet I Ha• Injury Injury Or

, Of' IJur Total mce. l Alcre Feet* X-nds Rose

First 275 219 29 21 0 6
Second 261 153 60 21. U 13
Third 143 118 9 13 3 0
Fourth 33 19 6 8 0 0

ndeterximite 1 4 4" "

Total No. 716 513 104 66 14 19

First 384. V 2.7 V 37.1•• 5 31.8 31.6%
Z'3cond 36.5 29.64' 57.7V 36.i4ý 78.6% 68.)X%
Third ,20. CI 23.o0 8.7- 19.7% 21.4% -
fourth I4.6% 3.71% 5.&!ý 12.1% -

•ndetninata O . 60. 0.. .

Total % 1o0.0% 0oo.0% 100.1% 100.0% 1oo.0% 100.0.

* Feet given preference when degree was identical

.The bulk of the cases represented injuries to the feet

alone (71.6%) and the greater nt=ber of combined hand and

foot cases showed maxinv- injury to the feet (82.5% of the

coobtned groui). Txi. di'tributlon vas what one would ex-

pect, for the hands may be moved mcre frequently in situ-

232
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ations which restrict, body and foot. movement, they MaY be

kept warm by body heat more readily (placing Inside of field

jacket), they are not dependent with resulting vascular

stasis, they are not as often constricted by tight gear and,

as wM be discussed below, they are less frequently wet

with sweat and external water than are feet.

The specific extremities or members involved are presented

in Table 8. Both feet were involved in the majority of cases

with hand and foot combinations next Post frequently. With the

excejtion of 18 ear cases and one nose case no other parts of

the body were involved in this experience.
TABL 8E .......

DIST•IBUTION OF 712 CA-S OF FROMBITE
ACCORDMIG ,-0 SIT OF DIJURY

XOTvA, 1951-52

S Ite of In•urv LNo.

One Hand 32 4.5
One Foot 63 8.8
Both Hands 70 9.8
Both Feet 445 62.5
One Hand ard One Foot 3 0.4
Two !ands and Two Feet 59 8.3
One Hiand and Two Fcet 16 2.2
One Foot and Two Hands 5 0.7
One Ear 13 1.8
Two Ears 5 0.7
Nose 1 0.1

Total 712 Vg.8a

On the hypothesis that cases subjected to more severe ex-

posure and/or representing greater susceptibility or vuln,;ra-

bility because of other mo'iifying factors, should not only

r•ESTF,,TEO).. -.
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have more severe injuries but also a greater part involvement,

the data were analyzed (Table 9) for degree and parts involved.

In 691 cases a significant difference between fourth and lesser

degrees was noted when "both feet plus both han.ds3" as well as

"one hand r0.us one foot" were involved. However, because

exrected values were so small, the reliability of these com-

ponents of the chi square was low and only a tendency may be

said to exist.

TAMLE9 9..

DISTRIBUTION! OF 691 CASES OF FROSTMITE *
ACCORDING TO SITE AMD DEGREE OF INJURY

KO.RA, 1951-52

Site __ -e__e_ or Trt %rJ .
of - Total

Injury First Second Third Fourth

One i'and 8 2.8 19 8.1 2 1.2 3 9.1 42 4.6 K

Both Hands 20 7.1 10 16.91 7 .0 3 9.1 70 10.1
One Hand plus "

One Foot 86.4,2510.62014.3 0 -
Both Feet 201 71.3 128 54.2 98 70.1 18 5 445 64.4Both Feet plus'

One Hand 9 3.2 4 1.7 2 1./, 1 3.0 16 2.3
Both Ki•nds plus

One Fuot 2 0.73 1.3 0 - 0 - 5 0.7
Both Feet plus

Both Hands 23 8.2 16 6.8 11 7.9 7 21.2 57 8.3

Total 282 100.1 236 100.0 140 100.1 33 99.9 691 99.9

Chi sqiare - 67.047 '- 21 P <.001

Figure 2 press.nts the monthly didtribution of cases by de-

gree And general site of injury. Attention is dra-m to the

R ESi "%TED
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Increasing ratio of hand to foot cases as the winter progressed

as wef as to the decreasing trend in injuries of more me*vW

degree. The relationship of the issue of the new insulated

rubber boot to this phenomenon i3 discussad below but may m

be the sole factor in the trend of milder injuries. Ceneral

*awareness of the problem, "acclimatization* as claimed by

* Blair and Dlnitroff (8). and emphasis on prevention by the

presence of the Cold Injury Research Team may have contributed

to this trend.

If. Hour of Onset of Inju-y

The determination of onset of injury in frostbite is by mo

means a simple procedure. The exact time of onset of tisrn

damage may be controversial $mt certain subjective symptoms

such as onset of nubness may be relied upon for an approxi-

mation of time of injury. tilizing numbness as the criterion

for onset, 681 cases of frostbite for whem data were available

were distributed according to hour of onset of numbness (Table

*" I 10). It will be noted that the hourly incidence was lowest

in the afternoon, mounted through the evening and night hourn

"* and reached a peak during the interval 0900 to 1200 hours.

* This obW.ously vas a reflection of the relatively wrmer after-

noon temperatures, with -.n increase in incidence as the tenser-

atures fell during the evening and night and the msninrm

temperature was reached at approxiD-tely 0600 hours. Coupled

with this daily cycle of temfperature vans the characteristic

tactical procedure in static defense of night and early mom"ing

*2I
., I 236

.. ".,'..,'... .... '......",.'.'.'.'. •...........,.'..'...'.....'..";:.- . ....- ,..-.-,-.-%,",........ ,. ",-,- ... ,,



* e (

patrols as well as early morning attacks by the enem with

resultant frequent isobilization.

A comparison of the hour of onset of numbness established
S

for the CaeCs with that claimed by W bunker-mate controls

as the time such cases cocplalned of numbness Is presented

in Table 10. At best thlis e-parison is but an Indication

of the reiability of the patient data and serves as a cor-

roborative device.

TA=I 10

DISTRIEUTI0ON OF 681 FR0ITB1' CASS3 AND 420 Ef7-MATg CONTRO13
ACVORDING TO THE E.tJR OF 0KSZT OF 1JL7Z=ES .UM0 THE C&~

KOREA, 1951-52

Hour of Nt--.bness C'ases Controls*

CA• ' 259 I 93 33.7 73 17.1.
0300 - 0559 109 15.9 71 16.9
0600- C•359 118 17.3 70 18.6
o700- 1159 128 1 M.8 6) 15.0
1200- .1.59 55 8.1 30 7.1
1500 - 1759 1.0 5.9 21 5.0
P:3- 2059 60 8.8 26 6.2

Total 681 100.1 E , 100.0

Chi squ.are 8.986 df - 7 P >.20

, Controls claired the delgrtlted interval to
be the tine of cceplaint of nu"bneas by the
Cases.

VII. AqC"Za FACCRS

Although low te:--.orature as the alent factor in cold injury

will be more fully dli.c'x.sed below In the subsection on "Physica.l

FnvironrenL" 11. Is rtel.nent to emphasize here that cold Is the

237

S. . . . . . . . .. ... .. ... .. .. . " "- ", .. ",-.-". " .".- .-.. "."- ."""."'-..... ' •i '. '.



. -..-... ;

* RESTRICTED

"specific agent or ircediate cause of frostbite. Cold or, more aptly,

loss of body heit is the exciting cause of all cold injury whether

it be imersion foot, trenchfoot or frostbite. In tronchfoot higher

temperatures are involved for wetness is the synergistic factor (6)

which hastens heat loss by its conducting quality. In frostbite wet-

rness may play little or no role in the injury. The excessive dry

cold in itself is conducive to rapid loss of body heat. Firure 3

illustrates the increases of case incidence for the entire Korean

front with drops in temperature. This was even more dramatically ob-

served in the winter of 1950-51 (7) but was complicated by eneasy at-

tack as well. In the winter of 1951-52 a static front permitted the

demonstration of rmre uniform temp-rature effects even though total

irmcidence was low.

Precipitation plxyed little or no role in the Korea:& expert-

erce for with the onset of winter at the end of N;ovember and early

December the ground froze quickly ard no significant thaw ensued until

spring. The rainy season occurs in midsumer. Trenchfoot vab not

observed in either 1950-51 or 1951-52.

Frostbite was the type of cold injury seen in Korea and was

basically due to relatively shorter exposures to more intense cold -

than In trcnchfoot, notwithstanding the significant role played by

the several mozifyirZ factors to be described.

*VIII. Z,.,I.•, X•--,AL FACTUH•RS

A. Weather - General

For the first LLs.. in cold injury field rcesarch under

eanbat conditions, finite termperatures uid witd spcds were

23,
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measured along the front lines. These data gave a much

m1re accurate picture of the actual conditions of exposure

than ever before. As described in detail in anothr section

of this report (Section 1) weather data for regiments and 4'

battalions were available for correlations with Incidene"

and for other analyses. Specific map coordinates were

charted for the loca4tion of case3 and controls at tim of

frostbite so that the data of the nearest battalion utather

station could be applied.

B. Weather and Incidence of Frostbite

Since cold injury is a function of loss of body heat, it is

obvious that many modifying factors, increasing or diminish-

ing such loss$ tdll interfere with a simple direct relation-

ship between incidence, temperature and length o exposure.

An inspection of Figure 3. however, seems to indicate that

possibly significant correlations exist between incidence of

frostbite and mean daily average temperatures, mean daily

mininum temperatures and average windchill for the front as

a whole. Utilizing the data for these variables from Appendix

Table 1, scatter diagrams (e.g. Fig. 4.) were constructed and

coefficients of correlation and regression line equations cal-

culated. Linearity of the relationship was assumed. Con-

sidering all the data irrespective of differences in combat

activity throughout the 5-#Aonth period, significant coef-

ficlents of correlation by the product-nonent method were

elicited for daily average temperature, daily minimum temper-

REST TO TED
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ature and daily average vindchill (Table nl). The standar

errors of estimate (s)revealed rather large disperions,

however, and the predictive efficiencies (% Eff.) of the

regression equations were quit. low. Inspection of the

Individually plotted points for each scatter diagram re-

vealed five points which deviated markedly from -linearity.

The original data disclosed these to represent the first5

days of the cold period when Intense regiment-eized e SO

attacks occurred, Thus the activi-ty of these 5r days differed

considerably from the static defense type of activity w~hich

Involved patrolling and line holding-during the bAance of

the winter. ftclusion of these five values In the corre-

lations with daily average temperatares (Fig. 5), daily

ainimum temperatures (Fig. 6)* and daily average windehifl

(Fig. 7) not only increased the r values but enhanced the

predictive efficiencies considerably (Table 12). Thus the

coefficients for average temperature, viniz-.;x temperature

and average windchill are all reasonably good predictors

when the type of activity Is fairly uniform. It naj be said

that the regre3sion equations as calculated are applicable

to a situation of stAtic defense provided that all other'

significant factors which exiited In Korea 1951-52 are reason-

ably simulated.

*Since a constnnt of 20* w~s added to elizinate all n~egative
temperature values In calculating the prodsct-mo-ant corre-
lation with wntnmumr temperatuare, this Constant must be
added to the X value in using the regreS3ion equations.

241
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Atetention east be drawn to the fan that-suriou recbi f e•-

dations a be derived frcm these f~~44~s mile, :it is we- "".

called that daily average temperature azi wizidchill are retro- I .

spct~ive dat.a whereas the next day'. ainin tpe~rtuze c~an:

be forecast with reasonable accuracy cc the b..i. of the ''.'

evening dew point. Utilizing thb regression equation for

daily minimum temperature it wa noted that each decre.ent

of 10 deree, (F.) in t,,peratnre (below l.4* 7.) was

productive of an increment of 3.7 cases of frostbite. Th-

daily minitan te=perature level above which nw cases would

be expected to occur was found to be 18.4° F. Isinspection K
of the daily incidence (exclusive of the Intense cobat

period 22-26 NovefAber) revealed that only 11 cases in 516

or 2.1% *ccurred at zeaperatures above the 18.4* F. level

(1ppendix: Table 1).

Utilising the equati'n for average temperature it is Inter-

esting to speculate on what the incidence of frostbite would

have been in December 1951-52 had the temperatures for p

December 1950-51 prevailed, but under conditloans of static

defensi (December temperatures in 195D-51 we"r 20 degrees

(F.) lover). Daii( temperaturee for December 1951-52 were

adjusted fo? this difference and calculations yielded a L

total of 385 cases, 542% greater than actually occurred.

This n-imber is nevertheless much emaller than the nvaber of

cases which actually occurred in December 1950-51. To this

latter Incidence, such factors as heavy combat in a retrograde

248
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movement and lack of adequate gear presumably contributed.

The incidence of the period 22-26 November 1952, excluded

because of heavy combat, was correlated with daily average

temperatures. A significant prý4uct-mcment coefficient of

correlation of -0.955 was obtained, but because of the small-

ness of sample size the 1% confidence limits of this ccef-

ficient ranged free -0.111 to -0.999. Thus a correlation

of incidence with temperature does exist under conditions

of Sntense combat. The tren~d of values and the possible

regression equations derivable from such data leads to the

belief that further experience with this type of measure-

ment can provide equations for any situaticn with various

cmbinations of factors. Had front-line temperature data

by units been available in 1950L-51, equations of Incidence-

temperature relationships under conditions of heavy conla-

might have been derived for a xuch larger experience.

Since regimental differences In tenaperature for any given

day were noted (see Section I), it was of interest to do-

ternine to what extent these differences operated in pro-

ducing varying incidence rates a&ong the regiments. Data

for this type of inquiry were sparse, for the instanc-3s in

which outbreaks of injury occurred in sufficient size to

Involve a great encugh n.'nber of regiments for correlation

were few. The period 2-6 February 195Z inclusive was se-

lected for this typ-e of correlation Letween case incidence

and regimental te.-irsratures (Table 13). The product-monent

249
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coeffitcient of correlation for minimum temperature (Fig. 8)

was found to be --. 6877.: Though significantly different from

* zero and indicating that 'a correlation exists, the reliabil-

ity of the coefficient was small as evidenced by the 1% con-

fidence limits of -0.03 to -0.94.

TAB•E 13
I

COMPARIMI OF PLMIOD CASE RATES OF FROSTBITE AND R3GIMMAL
"-TEOFlATLME FOR THE PERIOD 2 - 6 FEMUARY 1952 INCLUSIVE

No. of Period Avg. 'Vin.
Re~tent Ca.es Rate/lO00 Tem.- Temnp.F.

23rd 2 0.6 2.0 - 3.0
15th 1 0.3 10.4 - 5.0
"17th 5 1.3 22.7 - 6.0
"31st 6 1.4 10.8 -10.0

• 32nd 10 2.7 9.9 -12.0
5th 7 2.1 7.8 - 5.0

".160th .10 2.3 7.2 -9.0
223rd 13 3.8 6.8 -10.0
2214)t 3 1.2 No Data No Data
179th 3 0.8 8.0 - 2.0
180th 10 2.6 12.6 - 6.0279th 5 1.3 10.0 - 5.0

"Table 14 presents a comparison of minimum temperatures of

.exposure for cases and controls. It will be noted that the

mean rminim:m temperature of exposure for cases was 10.96 F.

The statistically significant but practically minor differ-

| 1 ence in mean temperatures between cases and controls can be

"readily exp•a•ned. For cases, the minimum temperatures were

charted for the period represented by the hour of on3et of

numbness as the mid-point. For controls, the minimum temper-

D ature for the entire period of exposure from onset of exposure

I (for the case) to time of rewarming was used. The average

"2: 1 RESTRICTED
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tomperattare of the period of total exposure (not to be con-

fused with the average temperature of the entire day) was

thus considered more reliable for comparaktive pu~rposes be-

tween cases and controls. No significant difference In

average temperature of exposure was noted between cases and

controls (Table 15).

TAMBl 11.

CIWARISON OF 6.•3 CAM.S OF FROSTBITE AND
W2 BM=FA..MTE CONTROLS WITH RWMsPT -
TO MDMDU? TV 21ATMR OF WMOSU -,

KOREA, 1951-52

Miniz=- Temp. Cases Controls I
>y .! o. I o. 3'
> 37- 7. 4. 0.6 1 0.

21. to 30" F. 102 '5.9 82 18.6
17 to 230 F. 135 21.0 98 22.2
10 to 160 F. 126 19.6 76 17.2 A.
3 to 9' F. 110 17.1 48 10.9

-& to 20 F. 112 17.4 90 20.4
-1 lto -5 F. 34 5.3 32 7.2
-1B to-12* F. 0 0 0 0
-25 to.-19* F. 0 0 0 0

<-25 F?. 0 0 0 0

Totals 643 100.0 442 100.1

Means 10.90 12.7" %

S. D. .-12.17 -11.82

=t -2.513 P <0.02

RESTEICTED0
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CC~OtARISON OF 6I45 CASES OF ForOSBT AND
1.43 BUNKR-MATE CONTROLS WITH RESPECT
TO AVERAGE TrXPERATURE OF EXPOSURE

KOREA, 1951-52

Average Temp. Cases Controls
of Dmcosure N~o. %~ N.t.

>37F. .7 1.1 1 0.2
31 to 37O7*F 52 8.1 50 11.3.
214 to 3C' F. 143 22.2 92 20.8
17 to 2j* F. 147 22.8 1! 3 25.5
10 to 160 F. 1.42 22.0 70 15.8
3 to 90F. 94, 14.6 7 158a

-4 to 20 . 53 8.2 40 9.0
-11 to -50F. 7 1.1 7 1.6
-8 to-12F. 0 0 0 .0

Totals1510134 0.

Means 17-0- 17.40

S. D. T 10. 16 i10.80e

t-0.5058 P>0.6

It will be seen fromi Table 14 that. the modal miirmaum

temperature of exnosurc for bot~h cases and controls Is in

the int-!r-al 17* - 23* F. anid that the Incidence falls off

With still lower tenoeratitres. This is not paradoxical

when it is noted thait this merely reflects fewer days of

*lower teinj'cra t tre. The role of tempp~ratiqre during ex-

posu.re on incidence of frost~bite m~ay be further elicited

by studying the rat*is or injuryt at variousa temperature

levelu on the basis of min-diys or expo-sure. This has

flESTRICTED :
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been calculated for regiments in reserve and in the line

for the period 1 December 1951 to 17 March 1952 (Table 16).

Total man-day. of exposure at a given temperature were

calculated for the individual temperature levels by s5t-

mating the products of the average monthly strengths of the

respective regiments and days of exposure at that specific

daily average temperature. Regiment-days of expnsure is

merely an index to the number of units in the line or in

reserve for the number of days at that particular temp'mr-

ature of exposure. From Table 16 it can be seen that the

apparent paradox of diminishing incidence with lower temper- .

atures is resolved and a definite inverse relationship it

established. As the daily average temperatures decreased,

the incidence rates, expressed as cases per 100,000 man-days

of exposure, increased. This was true for regiments both in

the line and In reserve. A comparison of line and reserve

troop rates revealed an averare of 4.9 cases per 100,000

-an-days of e.xposure for the formrr and 2.3 cases per 100,000

-an-daya exposure for the latter or an approximate ratio of

2:1. This relationship as well as tOat with respect to

active defense will be discussed below under "Combat Action.".

The average windchill (Kg.cal/'.
2
/Er. heat loss) during ex- "

tnsure was derived from regimental data on wind speed and

tenperature and apnl led to each case 2nd control. Table 17

reveals that there was virtua~ly no difference in the mean

averape windchill during exposure for the two groups. Of.

RESTRICTED
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DISTRIBUTION OF 590 CAMS OF FROSTBITE AND 419 RD{KD?-MATS
CMRL AM.,ORDING TO AVERAGE WM ZL MMG E[PO MM

KOREA, 1951-52

AeaeCases -~roleAvera" ." -

"Windchill
K hNO. ....

< 700 101 17.1 83 19.8
700- 82 278 ,,7.1 185 4.1 "
825 - 949 149 25.2 104 24.8
950- 107. 50 8.5 10 9.- '1

1075 -3199 1 1.9 6 1.A
1200-1324. 1 0.2 1 0.2
1325 - 1449 0 - 0 -

Total. 59 100.0 4.19 99.8

m•.n 799.8 79.0 • "

5. D-. 1118.53 U .19.48

t 0.105 P >.90

interest is the fact that 50% of the cases occurred at wind-
chills of 8C) (cold) or less. This corresponds well with the

fact that the highest daily average windehill for the front

as & while sexrienced during the winter of 1951-52 was 975

Kg. caA 2/hr.. a low borderline subarctic value.

C. Weather and Severity of Injury

It is res~onable to sasume that t-he degree of in.ury in

frostbite should be directly proportional to the intensity of

cold or inversely to ýhe teperature. That such a simple

relationship is modified by many factor3 which diminish or

RESTRICTED
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enhance heat loss has already been mentioned. However, the.

finding of signifioantly good correlations between minimum

and average temperatures. windchill and incidence of frost-,.

bite led to the exploration of the possibility of a relatively

simple relationship between temperature and degree of severity

of frostbite. Thus the data on degree of injury for foot and

hand cases were individually distributed according to minimum P

temperature (Table3 18 and 19). average temperature (Tables 2D

and 21) and average windochill (Tables 22 and 23) during

exposure.

TA,3." 18

RELATION OF DEGRE OF INJURY TO MVJIMID( T EPy.RATIJRE OF
EMSJRS, AMON~G 51.4 CASES OF FROSTBITE OF THE FEET

KOe•.. 1951-52

%linimu _____ Deg-ee of Ahu rv Feet

Temp. of First rZ-vnd j Third Fourtl, 9o~1

EFrosure N~o. No 110. I.jNO. . * 0.j o

>31 F. 3 1.? 0 0.0 0 .0.0 1 14.0 4 0.8
31 to 37F•F. 7 3.3 3 1.8 9 7.9 0 0.0 19 3.7
24 to 3o _F. 32 15.2 27 16.14 22 19.3 6 24.0 V7 16.9
1-7 to 23* F. 61 29.0 21. 11..5 25 21.9 5 20.0 1U5 22.14
10 to 160 F. 41 19.5 47 28.5 1i 15.8 5 20.0 111 21.6

3 to 9P F. 34 16.2 22 13.3 16 114.O 5 20.0 77 15.0
-4 to 20 . 25 11.9 32 19.4 20 17.5 3 12.0 W 15.6
-11to-50 F. 7 3.3 10 6.1 4 3-5 0 0.0 21 /4.1

Total 210 99.8 165 100.0 112. 99.9 2• 100.0 512, 100.1

MeAn 1.4.40 11.8° 1..70 U.? 0  13.6.

a. D. 10.22 0i0.82 11.71 t 9.95 ' 10.81

RESTRICTED
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TAELE 19 ,

IMATION OF DEREE OF INJURY 0 KINIMM TEITERIURE
OF EXPOSURE AMONG 111 HAWD CASES OF FIRSTBITEZ

KOREA, 1951-52

Mini== Derree of InJury - Hands.

Te=p. of First Second Third Fourth Total

_ osure no. 4 no. No. ao. o No. %

)37* F. 0 - 0 - 0 - 0 - 0
31to377. 0 - 1 1.5 0 - 0 - 1 0.9
2l to )Co F. 7 25.0 7 10-4 0 -' 0 - 1412.6
17 to 2,3. 2 7.1 1 16.,4 3 30.0 0 - M1 14.4
10 to 16 . Is 14.3 7 104. 0 - 1 167 12 10.8
3 to 9 ?. 5 17.9 1 20.9 6 60.0 2 33.3 2 2-.3

-4 to-2- F. 7 25.0 20 29.9 1 10.0 1 16.7 29 26.1
-1 to -5 F. 3 10.7 7 10-4 ) - 2 33.3 12 10.8

Total 28 100.0 67 99.9 10 100.0 6 1OO.O 111 -9..

yean 10.0° 8.1 9.5 1.3 a.?

S.D. -12.61 t 11.22 t 7.97 t 9.29 211.17

So relation between mi~nim=g ternperatureo &Yerage temperature

or average windchilU and degree of injury of the feet or of the

han.ds was apparent. In each compari-on second degree injuries

of the feet tended to show significantly lower mean tempera-

tares and a higher windchiUl during exposure. It is felt, in

view of lack of trends in =e-n te•.peratures in relation to

degree of injury, that this solitary difference in second degree

frostbite of the feet may be a chance finding. The repetition

of this difference in average temperature and average windchil. "

S*..* •%
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TABLE 20

REIATION OF DEGIREF. OF INJURY '10 AVEIACE TBOE2R~AT.RE OF
M"SJRF~ AWNG 516 CASES OF FROSTBITE OF THE FEET

KOREA, 1951-52

. .o . . ...

Average ______ eree of Iniurv Feet_____

Temp. of First. Second Third Forth Tot~al

•xrosure No. 111o. No.1 ( No. % No.- %

>37oF 3 1.4 1 0.6 2 1.7 1 4.0 7 1.4

31 to 37?F. 13 6.2 8 4.8 22 19.0 3 12.0 46 0.9
24 to 300 F. 61 29.2 31 18.7 23 19.8 8 32.0 123 23.8
17 to 730 F. 52 24.9 48 28.9 23 19.8 2 8.0 125 24.2
10 to 160 F. 4.3 20.6 35 21.1 19 16.4, 9 36.0 106 20.5
3 to 9 F. 25 12.0 24 14.5 17 14..7 2 8.0 68 13.2
-4 to2 0 F. 12 5.7 16 9.6 7 6.0 0 0.0 35 6.8

-11lto -? F. 0 0.0 3 1.8 3 2.6 0 0.0 6 1.24

Total 209 100.0 166 100.0 A116 L0.000.0 0. 1 00.

1860IMP 15.9? 20-3? 17.90

S. D. [t9 .19  ±9.90 ±11.47 ±9.06 ~10.05

does not add eyigilrcance to this it-e. since average tempera-

tures or exposure are distinctly ....i.ied by minima and wind-

chill is dependent upon temperature as well as wind apeect.

lt. should be noted, however. that. in every instance hand

cases had distinctly lowelr mean temperatures of exposure and

a higb~r r~can windchil1 during ex;*sure than did the feet

cases. These .arrerences were stat.istically sigificant and

represented 5.30 F. for m.an 2nx1i . 2 temperatures (P <.001).

4.20 F. for mean averagc te.peratures (P <.001) and 35.5 Kg.

ca1/XVf/hr. for nean average windchills (P <.01). Thee*

RESTRICTED
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i•LtTI0W 07 DEGREE OF INJURY 20 AV•RAG! • TAURE OF -
EZISJRE AMONG 111 CASES OF FE•ITBITI 07 ThE IANDS , -"-

IMOEL.l 1951-52 .;..

Average rree of .ry - Hands _.__

Temp. of First Scond ThiMrd I ourth Total

lbomre No. g o • o. o. o. - -

>370 F. 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0
31 to 37P F. 2 7.1 I 6.0 0 0.0 0 0.0 6 54"
24 to300F . 6 21. 3.1 16.4 1 10.0 0 O.0 18 6.2
17 to 2' .. 14 .3 8 11.9 3 30.0 2 33.3 17 15.3
10 to 160 P. 6 21.4 19 28.4 3 30.0 1 16.7 29 26.1
3 to 9F. 6 21.4 13 194 2 20.0 2 3343 23 20.7
-l to2 .Fo 14.3 12 17.9 1 10.0 0 0.0 17 15.3

-. 1 to-dF. 0 0.0 0 0.0 0 0.0 1 16.7 1 0.9

Total 28 99.9 67 100.0 10 100.0 6 100.0 1in 99.9

mean 15.00 13.? 13-. 9.5 13.7.

S. D. 11.12 ± 10.43 t 8.83 t 11.63 ±t 10.33

differences appeared logical in that movement of the hands,

protection of thenl by placing thlem inside parkas, jackets or

gainst th-W body and ease of warming over even -nall fires

of sticks or canned heat are all muc.' more readily accoeplished

than for the feet. Thus a lower temperature would be necessary

to overcome these protedtive actions.

D. Duration of Exposure

The average duration of exposure for the cases of frostbite

was 10.1 hours (Table 24). The controls showed no significant

difference in exposure time. The calculation of duration of

RESTRICTED
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DISTRIB•TION OF 485 CASES OF EbOT FROMSTM7 ACCORDING
TO AVERAG WINDCHIII DURING sMaWUR

KOREA. 1951-52

Avg. Windchill, Deme of TnJury,- Feet

During Exposure _ "'rst Second T.... i ..rd Fourth Total

I-C4F. a/H2r.) N. No. NO. ~% No. % _No

1q00 43 20.9 16 10.1 27 27.8 7 29.2 9319.2

700- 824 102 49.5 77 48.7 38 39.2 9 37.5 226 46.6
825 - 949 41 19.9 50 31.6 23 23.7 5 2D.8 119 24.5
950 - 1074 16 7.8 13 8.2 7 7.2 3 12.5 39 8.0

1075 - 1199 1.9 2 1.3 2 2.1 0 0.0 8 1.6
12D0- 1324* 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0

Total 206 1,00.0 189. 7100 2 0. .59.

Mear. 785.9 816.1 775.7 782.0 793.5

S.D. n118.06 ±101.22 ± 131.64 - 130.27 ± .17.1L 1...

exposure varied with the type of activity. For patrols the . .

onset of exposure was arbitrarily taken as the time walk"ing

ceased, either because of arrival at the ambush point or

because of pihning action of enemy fire. In guard situations

this was obviously the begirhing of posting guard; in vehicular .. .

incidents, the time of mounting; and in foxholes. the time

immuobi1izati.on by enciV fire or other cause began. Com.bi-

nations of activities in some few Instances occurred but in

all cases exposure was deemed to have begun with relative

immobilization from any cause and ended with the act of
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DISTRIEtOt OF 105 CAS•S OF HRM ffMTETE ACCORDING
70 AVERAGE WINDCHIIL DRInK ESURE

KOREA. 19531-52

Avg. Windchill Xatasam Dee of Inhlhx'.- Rands

Wuring Exposure Firet Second . ir, urth . Total
S(•/h•!r.)• Io. n o. N •o. % I0. N o. %: ."-" 4 • .

<oo 15. 3 .6 1 l2.5 o o0. 8 7.6
700 -21 14 53.8 34 52.3 225.0 *2 33.3 52 49.5 I

825 - 949 5 19.2 19 29.2 3 37.5 3 50.0 30 28.6
950 - 1071 2 7.7 6 9.2 2 25.0 1 16.7 11 10.5 "

1075 - 1199 1 3.8 2 3.1 0 0.0 0 0.0 3 2.9
120 - 132Z 0 0.0 1 1.5 0 0. 0 0.0 1 1.0

Total 26 99.9 8. 210.0 6 100.0 105 100.1

mean 798.5 .833.7 861.8 866.7 829.0 * ,

S. D. 127.30 121.28 2- 27,2,. - 103.08 120.58

rewarmlng. In special instances other considerations played "

a part. e.g. breaking through the ice on a patrol, when

exposnre time was calculated from this act even though walking .-

to the ambush oint continued.

Exposure times varied for differmt types of activity as can

be noted in Table 25. Four hundred forty cases were grouped

according to enesy contact and piriing action, transport And

miscellaneous and, within each &-,ap* the specific activity

or Mission. These activities were verified by visits to the

respective units during control Interviewing. The longer mean
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TAIE A.

iD351aThI3TO? 0? 683 CASEM OF YR~OSTB3TEE AVD 4.42 MZEH-VATE
GONMOKLZ ACCOUDING 70 LIJRTION OF EXPOSURE

KORFEA* 2951-52 '

Duratlon Casps Controls
of Fxposure

-(P-oiuri)* n o. 'No.

0 - 4 257 37.E 155 34.3
.1- a 173 25.3 126 27-9

8.1 - 12 107 15.7 78 17.3
12.1 - 16 4~8 7.0 38 8.11
16.1- 20 10 1..5 a 1.8
20.1 - 24 30 4.4 15 3.3
2 Days 29 4.2 11 3.1
3 Day s 12 1.8 ý6 1.3

>3 Days 17 2.5 12 2.6

Total -,e3 1W.0 .2 100

Y~ean 1C.1 Hrs. 9.5 !!rr.

ex~ponure times in thI-is sorie5 occurred durinr. enc.-!y coflta~.L

on the k.ain Line of 3Hesi'-tance. i.e. attack ty the ene~r.y.

with or without pirmln-- action, the prot~inj or .mroirv! carda .'s

,trosmnd cun emlace-A-ntz in the line, tank nmi~aions uind con-

a;tructlion work. The zhorter mea e~xposuire ti!%vs occurred

.!urinp patrol acti-vities whecn contact With the ene-.0 was m~a e.

!L is appaircnt frro this comparison that t*-e f~lorter mernn

,rTonurc ti.-nes 4.re .yo-uawith tl~oaeaei, i repre-

J*ntia pi.ntially -inie irm!oIliziaition. -.1vs one ma= v

infer that dvetreani:,, =ot"11tvy tendIs to redle ! i;e. ervo;;ur

RESTRICTED0
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UEZ 25 k" Mom"g

KEAN EMQOS.E TDCM OF 440 USES 0? ?MSTUTE AC(ORDNG TO THE
SPECIFIC TYPE OF ACTIVITY IN WHICH THEY WME EXGAM

OQRA, .1951-52

Mean
Specific Type of Activity No. or Mean HLurs Standard Man-Hours

Cas- of cosu". Deviation of !w-ure
A. Enemy Contact with Pinning

Actior. - Total 010 + 1.53 .0
1. Combat patrol 6.. . 6 233 28.0
2. Ambush patrol 0 - - -
3. Security patrol 6 7.3 4.53 .43.8
4. Reconnaissance patrol 0 - - --
5. On M.L.L. 6L 20.5 ±14.37 672.0
6. Outno5t '.,.Ard 9.27 8..0

B. Ene-,y Contact v ith No
Pinnnly Actioe - Total &2 10.1 M-12.71. 24.2
1. Combat patrol 2D 5.8 1 2.48 11'.0
2. Ambush patrol 2 6.0 - 12.0
3- Security patrol I 6.0 - -. .
- . Feconnalssance patrol 0 '

6. OIot ,gArd 2 2.0 -7.0
6o. N ke- .ead - . . . 6 .46 19,A.6

1. Counbat peardl 16 7.6 Z. 3.05 1J4.0
"" . 2. Cmoshicatrol 40 7,- 7.8 M.0

3- Security patrol 2 6.8 t. 3.13 139.8
E . Recon,'4cace patrol 3 8.7 2.83 26.1
.5- Outpost ard 26 9.9 17.87 257.06. Banker- V•ar 7 7.1 t ./,6 49.7

~~~12.9 9iel~g5 . 630.0

7. Ground st rt 1 1. 6 20.6 5
8. Fooxole rLr-d1 _ 1.0 -13. 3 .0

D .Tr.,ivit o LL.R. 8 ,. - s.76. .

.*.* .. .. ....*.*.......

*.2. Closed vehicle0 . .. ..n
3. Tay* inside !1 1.8 -- 3.92 129.8

• ; 4. Tonk. c-2tsl-de 0 --

E.-- i--e- l --- ,!---z= -- Total .... --5 , 7.3 -- 92 0
S1. Artilalery • 1 2.C - 2.0

2. W•re 3-yig 5 6.o 1 3.16 30.0
'3- Constructior. 1 10.0 - 10.0

4. Behind P..LR, 8. 1, 3-.23 32.0
5. Activit'.es on K.L.R.

!other t,-L-.z alwwvi • 7.4 - 8.6•0 222.0

I G•D TTAL 44O 9-0 + : .t 6.

,, L ,264
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time required to produce cold injury.

E. Duration of Exposure and Severity of Injury

.On the. sa&e rationale that ieverity of frostbite should in-

crease with colder temperatures one can postulate that such

severity should increase with duration of exposure. Although

increasing mean hours of exposure were noted for increasing

degrees of frostbite of the feet (T4Lle 26) the differences were

not statistically significant at the 5% level, but.the compari-

son between first and fourth degree foot in.'uries approached

such significance. ,1.is tenderc3 vs not -.oted for hand cases

(Table 27). It sht.Olld be pointed oat. however, that exposure

TA LE 26

4 IS.I-0 OF 560 F6OT F7.0TBI 27 CASES AC5OU1.I:1G 2O .

8 -1 3 1A1 19651-52

M•.-_-ý"• Z.;%ree o nlury- Feet
Duration

of First Second, I hird Fourth Total

~~" -I "'o . .. I
.. 'mu.• rs o., N.:'. • eo o. 1 ?:0 ;. No. _

0 - 4l 79 34,.2 r6 33.3 37 30.1 5 19.2 177 32.3
4.1 - B8 61 26.1,!4 27.4 27 22.0 5 19.2 139 25.4,
8.1 -12 39, 16.9 2 8 16.7 25 220-3 5 i9.2 97 17.7

12.1 - 16 21 9.1 11 6.5 8 6.5 1 3.8 .41 7.5
16.1 - 20 1 0.4 4 2.4 3 2.4 2 7.7 10 1.8
2W.1 - 24 11 4.8 ; 3.6 9 7.3 2 7.7 28 5.1

1-2 Days 9 3.9 3 1.8 10 8.1 5 19.2 27 4.9
2-3 Days , 1 .7 "" 4.2 1 0.8 0 0 12 2.2
> 3 •ys 6 2.6 7 4.2 3 2.4 1 3.- 17 3.1

Total 2231 I__.O _i, I_). 123 .9 26 99.. 548 __

-Can 11.0 I;r:j 12.3 lirn. 12.4 Hr6 17.2 1.-" 12.1 'rs.
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DISTRIBUTION OF 112 HAND FZWSTBITEE CASES ACCORDING 70
DURATION O EFOSURE AND 1XIHUDEGREE OFI!JURY

KOREA. 1951-52

DuarationMaiu ereo, -nd
of First Second Third Forth a

Exposure i -
(Hours) No. % ro. 9o. N. NO .

0 - 4 11, *48.3 65 65.2 6 60.0 2 50.0 671 59.8
4.1 - P 8 27.6 16 23.2 2 20.0 2 50.01 28 25.0
8.1-1:4 413.8 6 5.8 2 i0.0 0 0 10 8.9
12.1 -16 3 10.3 2 2.9 0 0 0 0 5 4.5
16.1-2D 0 0 0 0 0 0 0 0 0 0
20.1 -24 .0 0 1 1.4 6 0 0 .0 .1 0.9
1-2ODays 0 0 1 1. 0 0 0 0 1 0.9
2-3 Days 0 0 0 0 0 a 0 0 0 0
> 3Days 0 0 0 0 0 0 0 0 0 0

Total 29 100.0 69 99.9 10 100.0 6100.0 1.12 100.0

L

Yean 5.5 Hrs. -6.5 Hrs. 4.6 Hrs. 6.0 Hirs. . 6.7 lUrs.L

S.D. ±4.17 :t5327' , 13.56 12.67 t±6.75

tine for frostbite of the hands was sigificantly lower

(P <.001) than for the feet* degree for degree of Injury. This

result may te misleading in view of the earlier discussion on

temperature and windchill in relation to site of injury. The

hands, it will be recalled, required a lover th perature for

occurrence of frostbite. probably for the reasons expressed.

One wdould then expect the hands to require longer exposures as

well. This would be logical to assume if the conditions with

respect to zde.ua3 ; of hadwear at tine 6 0. exposure were c9.pa- L

rable to -tia s-ituaticn in regard to bootgear. A si1gnificarntly

RESTIMOTED
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* treater percefltare (15.9) or hasd canes (Table 62) were frost-

bitten as a renulý of removal o Ecar than- Were feet (0-55.,

';able -.1). 111u3 it r:=y be vaid that hands were relativelr7 more

frequetity expolsed to more fr~t~enwc elid. althovog for shorter

periods of tim, without protective Cear than ve-re feet.

F. ^.radie:-.t of !r-.4ur7

Fully recornizi:.C the nrulttiplicity ok factors wh~ch r-7 -.Aodify

cold ir.ury * it. ';everthceles was tto~u~ht that It =irht be fruit-

ful to explore rnore fully the possibility of sone comination of

aCet.?. :uA eziviror'zental factor wh-ich bears a direct "-4 5!male

relaionship to dercre of in~ur:. Thbe ettablish-ernt of a ral

en?. of injiry under v.ri~ c:itio:is wculi then becore a

rez-lity. It will be recalleic th.it ter.-crature --A duratio% of

expos-are, anialyzed reparaltel:-. reve.-.ed zc.,.e sl~eht, if :.ot

siCnIfica:.t, trer4.I: in tUhk direc,ý-on,1. its drv.;iu that eath

caIn con~tribute to the total effect a:4:.fle:: or :-odiff the

effes;t of the other. Thus a co:::iinatio:: of t.e L-eter.sity of the

aren.t fa-.tor (cold) the the :rationa or its --e-ioti (-.I= of

exposure) -,pjA:.md to be more Iajzical ir.etn lsi a cradiiert

of teverity ofinuy

Ar. attemtpt wac r..~e in 'Ievia-i:4- a:. " :eIdx ~i)to

comb'ine thene two factor:-.. ThIe irblex was --rbitrar-ily- di'fl:.eJ

as the prodii-:t of the diiratlo:, of exposlzre (1). i-. hou-: z:. the

reciprocal of the i-rdn tvz eperature of exposure (,In )

70 -%ll temptr-iturens a co;.staait (101) war.:Ae to kk,%inte

RESTRIXTEIJ
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negative valu6s.* In Table 28, "exposure-indices" for Whites

and Negroes have been calculated ac.-rding to degree of Injury

of the feet. Trends were noted but the differences were not ---

3tatistically significant. The differences between the races

at the several degree of injury level* were also not signifi-

* cant except for third degree injury. Thus, in this experience

as well an attempt to establish a significant gradient of

"* Injury was not too successful. It became obvious that ftrther

refinement of the data would be necessary. This would entail I

the' detailed study of a much larger frostbite experience for

several factors would have to be held constant (e.g. cenbat i ..

activity And bootgear) in order that ultimate zategories would

contain large enough nwnbers of cases. However, another

criterion must not be overlooked. This criterion. involves the -

basis for diaGnosis of severity or injury. To the present ti m

severity has been classed according too degree. Degree diagnosis

has involved, for the most part. estitation of the depth of

injury and not the total are* involved. There was the possi-

bility that this shortcoming may have detracted in part from a r
significant linear gradient of injury.

G. Weather Type

Table 29 outlines the types of weather to which the frostbite

cases and controls were exposed. The higher incidence of cases

*Dr. A. C. Dirton, Department of Biophysics, University of Western Ontario.
Medical School personally sugrested to the author V~e use of deere,,wnts
of tempcrature (increasing anounts of cold) rro-n a reference temperature
at which no frostbite occurs, thus obviatine adding of constants ani the
use of reciprocals (9).
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EIPOSURE__NDICES -FI. D X. FO 9.WIEk,2r a A

OF FROSBIT OF TIE-- FEET --.---- -N~ i -.I HUD R-.- DEMM OF -

FirOs t 138DCE (0.733 -17 74 0FR 291HT S 08 T4I C

De-gDre tio of ex oe inhurs.Tde
ofinm htemeatr of -pwr ndgesF

TAL 29 tadadSadr

DiT Irunom O 6o.49CSSO FMSTIaT~E AND. 4ean tUNI-ATE ONT

We-Duathen r Tyexprr nhu

Clud toku over erst ur o 3 eoUr 3 i 2 7ers.2

TABL 29 6 1

SnowOEA 1951-052 U-

Clart Tpotaly lud 1 00 6.1 299 67.3

Cloudyto ovecast 3 11.3 32 7.

Blodn sowsad r dst 1. 0.62869
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during clear or partly cloudy weather was compatible with the

"lower temperature encountered with this type of weather during

winter (a clear or partly cloudy sky peraite more beat loss from

the earth's surface during the night). Of interest was the ex-

tremely low Incidence of cases during rainy weather, which was

merely a reflection of the low incidence of rainy days during

the winter season. This latter in turn accounted for the ab-

sence of true trenchfoot in the Korean theatre. NJo relation

between degree of Injury and type of weather could be demon-

strated for either foot or hand injuries (Tables 30 and 31).

TAMUS 30

DISTUIBUMIN OF 518 CASES OF FROSTBITE OF 1¶ME FEET ACCMRDI•G
TO WUTHE TYPE MV WHICH EXPOSED A1ZD 1IAXDITH DEGRIM OF I=JRY

XOREA, 1951-52

K!axi;--m Degree of Iniury - Feet Total
"Weather Type First d .ecor, 4 Th E Aird Foturth

.5 P o o. I No. -.

Clear to partly "
cloudy 145 69.4 120 72.7 62 53.0 18 66.7 345 66.6

t'loudy to otercast 21 10.0 21 12,7 13.7 5 18.5 63 12.2
2lowing snow, sand

or dust 0 0 1 0.6 2 1.7 0 0 3 0.6
Foggy 2 1.0 0 0 2 1.7 00 4 0.8
Drizzle 1 0.5 0 0 1 0.9 0 0 2 0.4
.ainirg 6 2.9 2 1.2 4 3.4 0 0 12 2.3
Thunder-,torm with

rain or hail 0 0 0 0 0 0 0 0 0 0
Sleet or freezing

rain 8 3.8 1 0.6 3 2.6 1 3.7 13 2.5
Snow 26 12.4 20 12.1 27 23.1 3 11.1 76 14.."

Total 20100.0 65 99.9 11 0012100X 1 0.

Chi square - 27.975 df - 21 P >.10
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TAMLEl 31k• , ihij

DISTRIBUTION OF 112 CASES OF FROSTBITE OF 711E AWAID ACCORDI!JM
TO TYPE OF 1EATIrER TO WHICH ECPOSED AI•1 flW•n DEGREE OF IMJURY

KOREA, 1951-52

Maximum Beree of Injury - Hands Total
Weather type First Second Third Fourth

Clear to partly*
cloudy 22 78.6 52 76.5 9 90.0 6 100.0 89 79.5 L I

Cloudy to overcast 2 7.1 7 10.3 0 - 0 - 9 8.0
Blowing sncw, sand

or dust 0 - 1 1.5 0 - 0 - 1 0.9Foe 0 - 0 - 0 - 0 - 0 -
Drizzle 1 3.6 0 - 0 - 0 - 1 0.9Raiinen 0 - 3 0 - 0 - 31 2.? -

Thunderstorm with
rain or hail 0 - 0 - 0 - 0 - 0 -

Sleet or freezing
rain 0 - 1.50 - 0 - 1 0.9

Snow 3 10.71 4 5.9 1 10.0 0 - a 7.1- 0
Total 28 100.0 68 1 00.1 110 1100.01 6 100.01210.

Chi square -9.540 df -18 P >.90

H. Terrain

The Korean terrain has been described In the introduction.

Actually the incidence of cares distributed according to ter-

rain in Table 32 reflected the terrain itself and no special

significance may be attached to the relative incidence. The

distinctiorI between flat and valley and between hill and monu.-

tain were at best, arbitrary and not constant for the cases as

cor•pared to the controls. For this reason a simple dichoto•-

was utilizee in comparing terrain with degree of injury in

frostbite of the feet (Table 33) ar4 in ha:4sr (Table 34). *.o 7
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Significant relationship betw~een terrain and degree of Injury

could be found*

TABLE 32

DISTRIBUTION OF 679 CASES OF F1P)STBITE A.ND
1.447 BUNKER-MATE C~ONTROLS ACCORDI1J(- TO TYPE

OF TERRAN INWHICH INJU3YWAS INCURRED
KOREA, 1951-52

Terrain Camea Controls
_______NO. %.

Flat 64 9.4 1,3 I2.9
Valley 93 13.7 80j17.9
Hill 333 49.0 184 '41.2
Mountain 189 27.8 170 38.0

KOREA, 1951-52

Sximmm Do.ree of. In -.. .Feet Total:

±2 ~ I !~~~. .1 ~ ... . •w.,

Terrain bie t Iosecern hir. Fourth

- -10 & ~ - 1 -0 No I - r- -

Flat 27 11.7 T15 8.8 5 4.2 1 3.7 48 8.8
'/alley 30 13.0 I17 10.1 17 14.2 1 I3.7 65 11.9
Hill. 110 47.8 78 46.2 70 58.3 21 77.8 279 51.1
Fountain 63 27.4 59 34.9 28 23.3 4 14.8 154 28.2

TOta 3 99.9 169 100.0 120 100.0 27 10.05610.

.a7 2230 a- .'..o ,co00.0 ~z-'

Chii squaire -5.952 df 3 P >.10L

RESTRICTED
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PEATION OF DEGREE OF IUJUR -0 TERRAIN WHERE IJURY
WAS INCURRSED BY 111 CASES OF FROSTBITE OF THE HOWS

, OtA, 1951-52

PMaxiium De re of lnir Hands Total
Terrain First I Second I Fourth

_ 140. NoI. 160 No. 110. % NO.

Flut 4 23.8 6 9.0 2 20.0 0 - 12 1D.9
valley 6 20.7 n11 6.4 3 30.0 2 40.0 22 19.8Hill 10 345 31 46.3 5 50.0 2 40.0 48 3.2 f-Yountain 9 31.0 19 28.4 0 - 1 20.0 29 26.'.

Total 29 100.0 67 100.1 10 1100.0 5 100.0 in S999

Chi square - 3.013 df - 3 P >.30

I. Condit.io:; of the Ground Zurface

Since wetnes- can be a syrurgist in cold injury especially -

when seepage through leather corhat boots can occur and deep

snow can enter over the tops of boots, it was of interest to

* , f note that, for the experience as a whole and irrespective of

site of injury, wetrness of the ground did not play a major role

in this series of frostbite cases (Table 35)o Virtually 85% of

the cases occurred when the ground was dry or snow so shallow

that it could not enter over boot tops. However, a major ex-

ception to this stater-ent was the cases of frostbite during the

first cold wave of the winter, the majority of which occurred

with the men ir leather boots. For these, wetness can be con-

sidered a factor in rapid heat withdrawal.

On exanr,' the data with respect to site and degree ofL '. .-.'.-

RESTRICTED273 SK.. ,,.1 '. -1,-'
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TABLE 35 .RESTRICTED .

DISTRIM-210.1 OF W4 CASES OF FROSTBITE AIMD 442.
BUNZR-MtTE WNOITRLS ACCORDIM: TO ClDlOMMO OF

GROUU SURFACE ENCWOTF.RF) WRING EXPOSUREE
KOREA, 1951-52.

Ground Surface Css Controls
Cc-e-tion '.o. -

Dry rre-r4 11... 371 8.4
Wet erc'Ad 14 2.2 4 0.9
R4uddy 34 5.3 12 2,7
Slushy 19jj 3.0 18 4J.1
Snow < 2 inches 314 48.9 186 42.1
Snow 3-5 inches .158 24.6 115 26.0
'now. 6-4 inches 17 26 3 .
Snow 9-fl1 inches a 1.2 9) 2.0
Snow > 1foot 1. 0.6 23 5.2 ~.

otl642 99.9 442 100.0

M.-1. square 5.5%- .5 df. 2 P >.65 - ..

injury, it wus noted thait a distinct and siguificant relation

existed bet"wzen degree of injury of the feet and- condition of . *

the ground (7able 36). Dry cround was moro often associated

with lower !egrees of in-ury and wet g~round more often with .

higher deeret-s of froztbsite. A.1though rany hand Lnjuries were

associated with wet Clo7es, the degree of injury in this site

waz apparez:t:y not associated with anly specific condition of

the ground r-.xface (Table 37).

J. Conbat Act;&.-

7he role cf comrbat activity 1r, iscreaashug the inci-dence of *

cold injury ja be dewnstrated ini the EZuropean Theatre of

£pe.aLlor. ajid its effect on froztbitc i~cidercse in K~orea *.

"274 RESTRICTED * *
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. REATION OF DEGREE OF I;JURY To CO0DITIO!N OF THE SURFACE OF THE
G1iZD WIER 11IJURY WAS flICURRZD BY 513 CA:,:'S OF FROSTBITE OF THE FEETA

KOlEA, 1951452

Ground t4'4' um Derree of lrIurv - Feet. Total
Surface F r t -:cco.- Ti rd Fourth

Condition :io. o. io. 1:0.

Dr- &ýound 341 16.5 17 10.4 9 .7-8 1 3.7 61 11.9 '"""
'Aet •ro-und 5 2.4 3 1.8 1 0.9 2 7.4 n1 2.1

3.dy 12 5.8 4 2.4 12 o0.3 3 1"1.1 31 6.0
Sushy. 5 3.0 6 5.2 0 -- 18 3.5
Srkw < 2 Inches 102 .9.5 82 J;0.0 51 44.0 10 37.0 245 47.8
S-,cw 3-5 inches 42 2.4 48 29.3 271 23.3 8 29.6 125 24.4,
Snow 6-8 inches 2 1.0 4 2.4 6 5.2 3 11.1 15 2.9
""now 9-11 inches 1 .0.5 1 0.6 3 2.6 0 -- 5 1.0.
Snow > I foot I . 0.0 0 -- 2 0.4

Total 0 164 99.9 6 100.1 27 99.9 513 100.0

Chi s•uare 1- .368 df -6 P -.. 05"!.

s.W•estcd (7). It is extremely logical that internse corbat would

be productive of increased cold injury for such action iczaplies

restriction of f: -edon of rmovc:Rnt, prolor.ation of exposurne, lack

of opportunit7 t. rewarm, increased difficulties in logistical

support (especially food arnd clothing) and neglect of personal

hygiene. Inte.-se co.mebat also contributes to Lh.wse factors which

in turn have w-a.. or less subtle modifying effects on cold injury L

production, for exar-ple ficigue ard r.orale.

The several levels of combat a:Uon r.zy be graded as follows

(fron heaviest to lizlhtest activity):

1) Acti-e offense wiLh major fiChtinE or active defense

with attack.
S~cuat. ,.:.t.'.275TTE
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TAL 37 -J,

KE 1
Condition 0 No.10. A, No. .o n.

Dr., gro.und.5 . 4 2. 20.0. 9 . ......

3)e Static de1 s 3t6 parlln 2.9 lin ho--g

St4)< inc esee anrst

SnowD >~ 1~JR WAS' I!CE 1Y 3.6 12 CAS OF FOSTIT OF .8H3D

the winter of EA 1951-521wsmclesitnehainheitr

•tie inpr owr a grae iniec o rsbie h

_ _ .... __ _ j,..

Gropid swngofaction fromactie offenseto HactvedefTetse

2m ofactive defense ofwiml pstoswth minoor fighting '"

urac Firveedrst. Secx'd..ir..o.t

letgow4 3.6 27 2.9~t 0 - 0 - 32.

Slsh .z.....•......... 9.

Srow9Uinses o--- 4.4 0.-- 0.:-3:2.

Sr.owx food32.--. 2 2. 0 -- 0 -- 2 1.8v.'.;

Total j•J1O0.ilj6c 100.0 10 100.0 6 100.0 112 100.1

Cht so.uare -4•.27"3 df -6 P >.50""'-,":

It already has been mentioned that the activity in Korea during -..
the winter of 1951-52 was much le-s intense than in the winter.,..,,

of 1950-51. Although the inadequate supply of clothing and the "".''

colder temperatures of ;northern Korea during December 1950 eon- - 0

.trib~uted. in part toward a greater incidence of frostbite, the "-"- '

rapid swing of action froma active offense to active defense".-.-. ..

probably was the roijor factor in this incidence. In the wilnter ""-;

of 1-951--52, however, the or~ly relatively heavy action in the'":::'.

fozrs of active defenae of friendly positions with minor fighting [."" '
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occurred in November, while the balance of tN~ winter saii the

Eighth Arm~y on static d~fes-se with patrolling and l~ine holding

and regiments rotating routinely to reserve areas for rest.

A rank-order correlation of mean regimental nonthly frostbite

rates derived from Table 6 with their mean monthly battle casu-

alty rates derived from Appendix Table 3 was attempted but no

%orrelation was found, although soma regiments with low battle

( casualty rates also showed low frostbite rates (Table 38). This

need not be considered as indicating lack of relationship be- .- -.

I .- . • -

tween combat aqtivity (as measured by battle casualty riotez)an

frostbite for other factors may so modify the effect as to ob-

scure this relationship. A clue to the su-4pic ion that different

factors were operative over the respective months was found in

the significant positive correlation (Table 39) between cold7

injury rates and battle casualty. rates in December whcn general

activity was considerably less. -Another appraach was therefoc *-

attempted. This involved an analysis of the effect on cold in-

jury rates by' standardizin~g battle casualty rates i.e. correct-

ing for combat action. This was done by dividing the monthly

frostbite rates for each unit. by the respedtive monthly battle

... 

4~+,

casualty rates and multiplying by lCO. Thus the derived frost-

bite rates were on the basis of 10) battle casualties per 1,000

strength per annum for each and every unit (Table 40). Several

important points becoim apparent by inspecticn of this table

and comparizon with Table 6. Conaidcring the Eighth ArmV as a

whole and correctin on for d mearnrcegs in combat activity the

RESTfl!CTED
277
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Oa4PARISON OF MW YONRfl,,Y CfID INJURY
RATES WITH MEAN MONTHLY BATTLE CASUALTY
RATES AMONG 21 UMThD STATES REGDENTS

KOREA, 1951-52

Division and Regimnt Mean Wattle Mean Cold
_Casut,.Rate Injury Pate

2nd Infantry Division
9th Rogiam.nt 4.69 (20) 2.7 (19)

23rd Regan 40.1(21) 2.3 (20)
38th Pa i=nt P'l. (M57 1

3rd Infantry Division

15th Roiment 202.2 (3 1.7 (
65th Rcg9inznt 134.4. _ (9) 29.2

7th Infantry Division
17th Rigimont 1M 3. 87.3 1(i
31st .gir.nt 175. 12.6 (14-5

1757.9 (7)
32f.i ••-n 269.90 (, 224. 9 (9)

24#th. Infa-ntry Division
5th pc_-A-t'nt 157.9 (7) 30.5 (6)

15th L-Zi•ivnt 2E0. 1 10.2 (16)
21!t M-P:'L-ont 19!.1 () 28.5 (8)

25th Infantry Division
14th aZi-iont 83.9 (1) 3.7 (18)
27th Regiment 103.6 0.6 (21)
35th ?25ir.nt !5.1 19.2 (10)

40th Infantry Division
160th Re.giment 70.1 (17) 37.4 (4)
223rd Regiment 51.6 19 74.6 (2
224th ?Pui-. nt 155.0 ( 12.6 M.5

45th Infantry Division
179th Pegiment 97.7 (12) 18.9 (1)
220th Pegm•-nt 68.5 (18) 38.0 (3
279n PR-ainent 8. 14L I 17-9 (12

.... bers in parent.hesis indic:te rank in rank-order
correlation, rho - U.0640 P >.10
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* ~M ~ F C1ENT; OF COPNOATION M1.012I BAMTE
=SIALTY RATES AID COLD INIJURY RATM BY
WO.THS FOR 21 UNITED STATES REGDMITS

KOREA, 1951-52

Coefficient
Koeth &'Year of P

Correlation

!.ov. 1951 -0.0728 >.10Dec. 1951 .0.6%8 <.01

Jan.. 1952 .0.1622 .10
Feb. 1952 .0.29U >.10
m.ar. 1952 .0.4285 >.o5

.ov. - Mar. *0.1358 >.10

derived rmonth1 cold injury rates for January and February be-

came ech higher than observed and distinctly higher than the

derived rate for Lovember. This was taken to min that, had

the saw corlbat activity (as ..eaured by battle casu;Alty rates)

prevailed zonth by month, the rates in January and February

would have been higher than they actu.lly were and the ::ovesber

frostbite rate would not then have been the highest for the

reason... This calculation also unccvered a second point, mmiely

the tr.-a effect of low Jar.uar and February te.peratures on the

frostb'te rates as compared to the higher terperatures of :Novem-

ber, Decerber and Parch. 7eferritz to Appenfix Table I and

Figure 3, it will be rotei that the January and February mean

temperatures were lcwe:t for the seansor. Tr.a it can be seen

that tle se~uuonal or temperature factor coml!1 be hMJden by in-

teraction with corbat. activity.

A third point was alno inferred since thL- calcu.ýt.ien (Tablo

279 ,RESTP1CTEO
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TABLE 40 * b hg

THE J.ATI0N OF COLD INJURY RATES TO BA-MI CAJALTY RiTES A'ONr2 UNItM
STATES DIVISION4S AND REGYEM IN KOMMA, NOVM- 1951 - MLEMH 1952

- C•I I•-"Ratio* by Yonth

Unit Battle C%.mil•I y
_________ -r 43ce->ýr Inýý ____unr F

1,t CaT. Div. 2.0 ....
5 Reg. 22.3 ....
7 •ag. 0.6 ....
a Reg. 3.0 ..... ".-SJort 0.0 - - - -

,t.'' r. Div. .4 1.0 ,3.0 -
2M Ino. Div. 59.4 6.a 3..3 4.7 • 1.

9 Rg. - 16.7 7.0 4.4 -
23 -- , - - 22.3 16.6
38 Zc-g. - 5.0 .- 7 - -

S... . 20.0 - k-711.- -
3rd Inf. Div. 19.9 5.7 12.4 5.2 -

7 Reg. 79.4 7.0 49.8 - -
15 R.ec. 9.5 5.0 - 7.0 -
65 Reg. 3057.8 3.7 9.7 - -

0-.- ico2o ?ý'1.o -2.'L. -:

7th "if. Div. 31.0 7.7 6.4 -21.7 20.0
17 r-g. 125.6 10.5 8.7 13.4 -
31 Ra;. 2.8 3.3 12.1 43.0 -
32 r.. 1.3 2.9 15.4 21.5 -

Vth TI-_. DM.-, 5.6 1. 5.7 -&"
5 $*. 7.8 15.4 171.2 - -

19 PZ. 2.1 6.3 11.2 - -
21 R-3. 9.7 8.9 91.6 - -

S-•_ _ 3o0t 6.3 p.0 9.2... - -
25th Inm. Div. 4.9 9.0 231-. 36.9 1.5

1i.Psc. - 2.7 - 16.8 -
27 Rig. 1.0 - - - -
35 P'g. 5.3 20.0 67.1 154.5 2.8

40Oth Inf. 6iv. - 105.9 49.0 .
160 •-•g. - - 9•.• .8 -

223 . - - 300.2 95.2 -
2241 Ie. - - 9.6 -

----- - - 1-0.0 -
45th L-;f. Div. - 6.-. 4,4.3 110.5 3.0

179 Peg. - - 27.8 512.1 4.2
10 P5",g. - 38.5 97.0 100.0 -
279 Lg. - - 20.0 39.1 .

T ,or o- , .28.5. -. 10.0

Total 13.2 9.5 28.5 54.,2 1.3 ::
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40) did not reduce the Noverber frostbite --ate below the Decez*-

ber rate despite the, fact that December teoperatures were lower.

There thus suggested itself the presence or a third factor oper-

* ~ative in the month of Nlovember. The two peusibilities which

presented themselves were lack of proper bootgear and lack, of

acclimnatization for the first wave of cold meather. The forz-

* aor was a highly7 doctaented fact for several reginents whereas

the latter is, thus far, hypothetical conjecture. It would

seem that, if not tho sole reamairng factor iv the relatively

high Kovember incidence rate, the lack wef proper bootgear did

contribute zaterially Ito the high rate. TIds Im3pression was

supported by the f .ct that. the higher ?Zovecber rate for the

Eighth Kr=y was mainly contributed to by the excessive, rates

of several regiments (Table 40). These redments were the units

who wore i--proper bootgear during the last week of Nov'srzer when

6 cold w.av apjpiar-c,- Una th-e eq attachat.

Having n~oted the general effect of co-14At activity on the in-

CidOnce Of frustbito, it w:,s dae=-ed advisable to evaluate the

relative effect. on the inciden~ce !n tlhe three situations peculiar

to the K-2rean experience of 1951-52. The three situations re-

fer to the ;Ative defense period In lkyvemer, the static defe.-se

for the balance of thvn winter ard the reserve status of the

units thrv',;,hout the winter. Table 16 presents the case inci-

dence fcr -infantry regiments on a total ==n-days exposure basis

at the sceveal ter~perature levels. These wwre calculated for

total regin-~nt-d.y-s In the Ili-A- ard to'tal reetrnont.-dsj-u in;re

serve for Qe period 1 Decenber 1951 to 17 March 1952. It was

281 1S?&7V
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noted that at each average tempewature interval the incidence

was larger (approxsately two Lins) for the rMgi_.-ngs in the rpae

linethan forrthose in reserve. The unitsin thealin werenot

oaff ittk fro s the wIts in reserve since reaiments exposed inf

the line were later exposed in reserve a'd vice versa. t here- a

fore the two groups were heonoeneously constituted. Usually

one in~fantry regi~arn of a division wa in reserve with the-, "i:•'

the reginent lor.•gest in the lire. T7able 16 shows that. the risk

of attack by frostbite in the line was twice as great as for i•:..

the reginent in reserye. Ths applies to the cor~litions of a:.-•,

front entaged in static defense.

Ahe exclusion of the 10-day period in Fovevoer 1951 (21st to

30th inclusive) fron Table 16 was deliberate for this 10-day

period was cha.-acterized by active defense with minor fighting.

Table 41 reflects this difference in the two periods in dramatic

fashion. In accepting the tenfold increase in incidence as due

* to t - treater conbat intensity, caution should be exercised,

for there also was included in this period the demsonstrated fac-

tor of grossly inade•ate bootgear.

lir•yne (6) has it4icated the relative rates of cold injury in

the Zuropean -.heatre in ,.orld Iar II on a case per division per

day basis for renerve, stat~ic defence andi active defense types

of corbat activity. The data ,or frostbite in 'he Korean Thea-

tre, 1951-52 wýre calculated on the basis of cases per regiment

per day for the thrze combat situations, a:l the European data

, REST2CED -- .
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were recalculated for regiments by applying a 72% correction to

the division rates (average of 7e. of cases in division were In

infantry regiments) and divided by three. Table 42 presents this

comparison. It will be seen that trenchfoot and frostbite had

similar patterns of relationship among the several types of ca-

bat activity. The ratio nr incidence in active defense to that

in static defense for frostbite was larger than for tranchfoot

though the over-all trenchfoot rates were greater. This would

suggest that combat activity with its i•obilizing action was a

more prominent factor in frostbite than in trenchfoot.

TAMLE 42

CM4PAR1SOH OF REGUOE,'TAL ISCIDElCE RATES IN CASES
PER REnI2.T PER DAY FOR F!02MTIIT= IN KOREA, 1951-52

MAD TWENCIWOOT IN EU~tPEA=: 1IMATRE, WORLD WAR 11
WITH RESPECT TO TWE =RJLAL CM~BAT SIT1UATIONS

SFrostbite Rate ?renchfoot Rate
Korean Theatre European Theatre*•

Combat Action Cases per reCiment Cwes per regiment
'pr day Y)Pr da

Reserve (a 0.09 * 0.57
Static defense 0.18 0.83
Active defense 1.53 3.37

atios:
a: b: C 1: 2:17 1:1.5:6

b: c 1: 8.5 1:/-.1

*includes entire period 21 Eoverter 1951 to 17 MIarch 1952.
**data recalculated from Whayne's data (6).

Since an exy.ination of the t
n-icroclizate" yielded certain il-

terestirZ relationships to frostbite, it was deemed advisable to

st Ay coooat activity in even more nt::ute detail - - "tdcro-

activity" as it were - espechilly since the bulk of activity for

r,£ST•:";':TE9-..-
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units as a whole was of the static defense type and dramatic

day.to day changes in activity did riot occur. In Z61a 25

above the frequency of 440 cases according to *pecfke type

of activity w:.s tabulated from detailed data for these cases

and 440 controls.

:Then ePxamined oin the basis -of contact with the er•q the

largest numbr of cazes occurred when no enetq contact was

tde. However, the bulk of there represented activities which

obviated r.obilty (awbush patrol, outpost guard, Crowd guard

and foxhole.Cuard) and other means of maintaining w-ith. The

next rost frequent category in.volved ener- contact idth pinrning

action of which the Creator number of cases occurred on the

Main Line of Resintanci itself.

On the basis of specific activity but irrespective of ener•"

contact, the bulk of the cases occurred durinr patrols or while

standing guard in foxholes, outposts or bun'ters ansL- .amphasiz-

ing the factor of relative i:-r.obility,. 7his fact apears even

more clearly ir, Table 43. '.%e data for this ite=xert obtained

by a careful appra~sal of the replies of the case a&d control

to a :eries of qua:t•tons designed to vzisualize the actual situa-

tior which existed at the time. ,jd thus quantitate the a-our.t of

ativity. If the case occurred in a bu•.er, for exz-ple, the
SI

nunbe-.r of i.r.dividualz occupying that *.unker, the acount of bead

roon and the runber of euard shifts were data peti.-enmt to an"

eatirite of the r.a'i.nw movement pos.aible. aL-ita--y, on an am-

bush patrol, a -4re reply to the effect that he cecu..'t move

"or "we werer.9t 3uppon•,? to r.ove" was not acceptable. It,fornation

RESTM, TED
285 Msi tau



S.. . . .. . .. .. . ..

RESTRICTEO

was elicited as to whether he could and did move his arms or

wiggle his fingers or whether he could roll over or swvng his

legs about. With this in mind it was felt that the data in

Table 43 represented a reasonably good measure of degree of

activity. From this table it was obvious that the cases showed

a preporn-erance of instances of ismobility. Coqparison to the

controls in identical situatiorns revealed that the latter group

was definitely more active.

"A chi square analysis revealed that the teo. eroasp were not

from the same universe aid that there were significant excesses

of cases above expectancy in the subgroups "sleepir.Z" or Ostand-

irg with little movement" and deficits of cases in the subgroups

"Plyinc, kneeling or sitting with considerable move..-ent" and

"wstandine with considerable novement". When these iters were

grouped into light and heavy activity a significant cdd square

result was obtained in a .ontine-lcy table (Table 44) indicati•.'

that the frostbite croup had a h.igh degree of relative inactivity

or i.ntobility and that the control Croup was more active in the

ida-rntical situations. This factor of =rcular activity is very

clearly implicated in heat production ard peripheral blood flow

and thus a di3tinct contributing factor to frostbite.

It would be logical to assu=e that the decree of injury was

inversely related to derree rf activity provided that all other

factors were constant for the group. This coiLld not be estab-

li-hed for either hand or foot ca:os (Tables 45 and 46).

S4"rlq VVV.Jb
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Shelter along the lines was for~ the most part in bunkers, for

there were no rative buildings lieft, in which to take refu~ge.

Rewarming after patrols took place in somse Instances in warm-up

bunkers.

TABLE 43

DISTRWIt~TION OF 702 =TSES OF F1RO3MT.l AND 1455 BUN R-MATE
CONTUMS ACCORDING TO ?1ATXlv- DECRý_ OF ACTIV!ITY DURING FiPOU1n

XO-R.a, 1951-52

Activity caces I Controls

Sleeping 30 .4.3 1 0.2
Lying, knieeling, or sitting

with no movcement 69 9.8 51 1.1.2
Lying. krneeling, or sittirZg

with little move~ent 195 27.8 140 30.&
Lying, knacling, or sittir.C
with considerable -- ,over,--nt 17 2-. 72 15.8

*Stanmiing with no o'nt19 2.7 13 2.9
Sta hedirg with little lv=nt 199 28.3 46 10.1
Staredin with conniodtrable

miovement 3.8 5.4 63 13.8
Widngwith infrety'1et. breaks 59 8.4. 29 6.4

Waki n, with fro'7uent b• *.os 7ook 10.p *0 8.8

Total 702 9O.95•O5 100.0

Chi square -150.803 df - SP <.001

A samplc of 275 fr-;.;tb~te cases which wass representative of the

case load as a whole (A,-pendt Tables 4 a and b) was studied for

type of shelter employe'1 prior to frostbite and type of heat.

utilized in such nhelter. Data for 251 of these canes are pre-

reated in Table 47. It will be noted th~at Ithe r~ajority (60r%)

............. ........ .

with no he.toveret 6hu9hteprae n ~%! or. th 12er
Lyinc,~I ICEein: oS Titt1ri

wit lttl •ov~:I Z• •78 20 07



TABLE ~RESTRICTED

CcITARISO': BEWMI~f 700 CA=E OF rTOSTBITE
AMD 455 CONTRlOLS WITH PZSPEC7TO TI;.'=- ITT

OF ACTIVITY AT 7'12 OF F-XP03UPZ
KOREA, 1951-52

Intensity of1
* Activity Cases - Ccntrols Total

Light 509 251 760
(46004

Hey11 201, 3952

Total r 700 1,35 1155

mince 21% ofthomn in bunkersdidprovide thp~eves with

beat in the form of improvised stoves - usilauly larre tin

cans with twIZ3~ and C Rlat ion cardlbcard cartons for fuel. The

static front permitted heat in many bun~ker3 except for one

week in February when a special tactical operation forbade

the use of smake-producing firen. Altho-.zh thelter can be an

extrce'ely imp~ortant moifying fa~ctor in cold injury, its as-

seSSnent on more than a quasi-quatntitative basis was difficult.

In the 1951-51 Korean experience inter-regir.-!ntal co.-parisons

and "reginenti1 injury rate - nhelter faellity4' correlations

could not be rade b.ecauze of the static defenze situation with

its relatively more uniform combat act!-,itty and relatively sim-

ilar shelter facilitica alone the e.,:tire front. It was rnecernary,

R .'S .!Z
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therefore, to resort to a simiple deszription of the UmicroIA_

caleU Of exposure (Table 48). It was noted that the bulk ofJ the cases occurred, obviously,, In situations In which little

or no protective shelter could be provided.

TAM.E 47

DIST:U13?IO~ OF 251 CASES OF FRO:3TBITE A=COVII.G TO TYPE OF SNEITE2
LONIU11 U~IJIOYID PIuOR TO FROSTBITE AM TXPE OF HEAT UTrna7

KOREA, 1951-52

Type NO. o ase, t ?-ye or Heat
of Impro-j Total

Shelter o0 Tent vised 10:0, Peat

Da] StvStv L.z. lTablsta lCayndes

Dxselerr 2n muanal 15 8o1t6b-8

re-a-ins'ten an i7otn roly
specilcall -r~bie halfeuxr

'*1 istict fom fot. nt hndteeni
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DISTRI•UTION O 700 CASES OF FROSTBITE
ACCORDING TO LOCATION AT'TD• OF INJURf

XOREA, 1951-52

Location of Patient Cases
_____________ No. d

On top of Eround 412 58.9
In foxhole 153 21.9'
In vehicle 86 12.3
In tUnt or building 22 3.1
In bunker 27 3.8 .#

Total 700 100.0

relatively more important in the prevention of frostbite than
in prevention of trenchfooto In the latter, wetness of the

extremity is instrumntal in increasing loss of beat from that

extremity whereas in the formar, a low ambient teLperature

plays the tajor role aM,- is responsible for heat loss from

the entire body. Loss of body heat because of inadequate

body clothing thus contributes to cooling of tho extremities.

It was of i;nterest then to assess the iPole -of body clothing . -

and foot and handgear in the production of cold injury. Uh-

fortunately, the data on body clothing were obtained for only

a sample of the patients and for none of t•he' controls. Foot

and handgear data, hm-vor, were available from the basic in-

terviews of patients and bunker-matte controls. For the body

clothing survey, 273 frostbitten patients were interviewed by

the Qwutarw~ter Corps observer attached to the team. 71e

data were obtained by questioning patients as t0 the gear worn

292
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at the time of their froatbite. This was done immediately after

their arrival at the 25th EvacuatJ in Hospital so that memory

loss was Insignrficant. Furthermore, both pictures and actual

items of gear were shown the patients to determine the exact

items worn at the time of injury. Assessment of adequacy of

this gear for the temperature and duration of exposure by Quar-

termaster Corps utandards for the various ensembles was made

S ( and recorded separately for the upper.and lower portions of

the body. Table 49 reveals the extent to which gear was ade-

quate for the sa.ple of cases. 1% "431 bG noticed that upper

and lower body clothing, headeear and handgear were relatively

adequate, but bootgear was markedly inadequate. To avoid vis-

interpretation It should be noted that each Item was measured

individually. The number of individuals Mto had adequate gear ".

in all categories was also calculated and it was fourd that

31.6% of the s•_tple fell in this group. Thus the bulk of the

sample revealed intdequacies in gear in at least one category.

This finding reflects the oft repeated aphorism that "supply

does not necessarily imply use". In Section Il of this report

the availability of clothing supply to units was discussed and

can be surzm.rized as having been extremely good. Wha)yn (6)

stated, "It is not enough that these suppliei. should be brought

to the division area, but it also is essential that provision

be made to supply the farthest forward sa-l trnits regularly".

To this could ea.ily be apperded the statement "and that comrund

and the soldier be rigorously trained in the proper utilization

pEs~rS ICTED
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No o 1 1
J S

DISTRIHaTgOr OF A S3.6LE 00 275 CASES OF FROSThITEACCO•DI TO: ADEQUACY OF' EDDY CWIhIIIG A• GEAR" ..
KOREA, l951-5..* P:

Clothti.n Adequate !nadequ~ate ?•o Data Total.T~o • .. :;o. 7F iio, No•.

Upper body clothing 231 28.0 43 15.6 1 0.4 275Lower body, c1o:.ig 226 I82.2 48 17.5 1 O .4• 275 .,•

Beadsear 263 955.6 10 3.6 2 0.7 275"
_oo ___ear 1- 9 6 .3 . . 0.4I 275

of the gear".

Since Table 49 does not reveal the relationship of site of

Injury to adequacy of rear protecting the site, Table 50 is

presented for that purpose. It will be noted that hand cases

logically had a much larger number with inadequate combina- a

tions of handwear than :rht be .urrnised frou Table 49. Foot

cases a-so shwed a higher percor.ta•o with inadequate boot-

gear are, ear. cases revealed a nuch greater proportion with

inadequate headgear than would be indicated by Table 49. It

was obvioun that the findings in Table 50 were =asked in

Table 49 due to mutual dilution by the many hand cases and

foot cnsen with adequate headgear, the hand and ear cases

with a4dequte bootg-,ar and the foot and ear cares with ado-

quate haxsdr-ar. For example, in 'able 4.9 only 3 .6.. of t~he

total ca•:s had inadequate headgear, but actually (Table 50)

five out of six or 83.3;- of the ear cares had inadequate head-

gear. The slgnificar~ce of this deficiency was 5ubmerged by

the rreat zsumb&er of cares who hKu fo~t or har4 involveOMe,1t but

"RESTi'CTE" '
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Wm~oe ear., were rot inijured probably because they had adequate

headgear.

TAME 50

M~ATI11~ OF SIVE CF E:JWR 710 ADkE4JAC Or flRT1!,W;T GZA3 MrDIE
275 CASES OF FFRUSTBlTE 1EC7ZMD AT XXQUVZO ~11ZX K TU'.L CASE IDAD

Site of Injury Adef, t of' Gear for In lurerd Site
& Ad'ecuate I Iademiate Total

UGear Involved -Jo. f Jo0. ____

IPure hands (handwear) 13 30.2 30 69.S 4.3
PAMd-Foot comabinationis*

-(handwear) 19 65.5 10 34.5 29
-(footrear) 16 51.6 15 4.4 A1

Pure feet. (footeear) 93 4 8.9 97 51.1 190
Ears (headrear) 1 1. .... . L

Total 142 1 4 77.f5 157, 52.5 29

*This in~cludes the duplication. th.- hxxd-root cozbinatlons:

once fori handwear and then for footgrear.

1. Dootgear

S3ince bootirear as' a whoie, -r~pr if. s(ate of in-

jury, wau w:t. often lias c~ato for a Crezter :suber of

cases it. was dezeJ ilavisaible to stu~y the t.yper. of boot-

fecar worn by the trooqn a,- a furth-!r tnz.-ht to a4equacv

under the~ specif.1c -.1.4atic cot-Aitiona. -a:"be 51 presec~ts

the distritmtlotn cf foot. cazes ami bunk~er-ns.ata cot.trols ac-

u.ording to lmoti-.cz. 4o.rn at ti.c. cf lz!,Iur7. C-f Lit~eroot.

was the fact thilt, :klthc.L-h r.-u~y *ovte-.bcr c-~.~occurred

while :-,verxI rec,i:.entn, were wcnxizrg leatherc corblat. boots,

the gmrcaer nsri -r oft care.-. occurred Ins -ahopva" atJ fir-

tlx. orecr th.? i.ew .;u~e ruiZiir ca:2.'I't h-ot: did n~ot

- ~RESTUC1ED
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prevent cold injury in~ 16 instances. Table 51 indicates,

in addition, that & significant excess of case.. wor two-

to=kle leathier combat boots as cceapared to the conitrols

and a significantly smaller proportion of cases wore In-

sulated rubber combat boots. This inaduquacy was borne

ou fute by coeparison or the foot cases with haud &Wd

or ear cases in the same experience on the hypothesis that,

if the type of bootgnar did affect the incidence of frost-)

bits of the feet, then pure hand or ear cases exposed to

cold but with no injury to their feet would show a si.i-

ficantly different distribution of bootgear (Table 52).e-

It win be noted that the hand cases did show a markewly

lower nurtber warira both types of leather combat boots and

a very significantly greater nuribor wearing the insulated

rubber combat boot. thus it appadred tMt leather c.bat

boots were more coneucive to frostbite even though more

than half the cases o.re in shoopacs. This latter merely

indicated that more of the exposed troops were in shoeptcs. t ,

In view of the abova finding the relAtion of type of

bootgear to degree of injury was next explored. Table 5)

reveals a significant excess of fourth degree injuries

among cases of frostbite of the feet wearing leather nued

bat boots and a 3irrificartly greater number of less

severe Injuries In shoepacs. These findings led to the

concluaeon that 3re pacs, though not too successful in pre-

venting froitbite, did protect fgainat wmre severe Injuries

when cotvared with leither cort gat boots.
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TABLE 1 llRESTRICTED Simnti b. -. •

SDISTRIBUTION OF 576 CAMES OF FR03TBITIE OF 11
"r -ET AID 455 im•CR-HAT- CON7.WL ACCO!WIZ. TO

TYPE OF FOOTGI-AA WCPR AT TWIS OF NJWURY
KOREA, 1951-52

7~pe of Fcoteear Ca•es Controls
_ _...._ _':o . , ' h o . . •,- . .

Boots, service, zor.bat, ru.sset 114 19.8 107 23.5
* Boots* service, co..--at, 2-buckle 138 24.0 66 1.4.5

Boots, leath'-r, with overzhoo 2 0.3 2 0.4
Shoepac 29 51.9 226 49.7
Doot, co.mbat, rubber, insulated 16 2.8 54 1U.9
ShOeS, service 4 0.7 0 --
!:o footrear 3 0.5 0 -

Total j576 100.0 455 00.0

Chi squLre -50.U4 df- 6 P <.001

TA.LE 52

D JTIOZ OF 576 ikxjT -A•E, AND 124 1W.3

OR FA. CALE OF 0 l.,c03,,:1- ACoO:z:=G TO Ti (E
MIZ'.. OF riWIVE.a Wt AT TADIX OF 1!~jL-la

KOREA, 1951-52

Type of Footgear Foot ?ares Mmi Ce..
S. ... .o . 7-

- .-

Booets, ervice, e*r.ý)At, rims•et 114 19.8 10 8.1 .'-
B3oot•, .ervice, co-bat, 2-buckle 138 24.0 8 6 . 5
Doots, leather, with over:;hoe 2 0.3 0 --
ahuepac 299 51.9 66 53.2
"ooot., mo:-bat, rubber, 1i:.6t,1:tei 16 2.8 40 32.2
f;hcr:, :ervice '. 0.7 0 --
I:o fcotroear 3 .5 0 --

5~100.0 1. 0.
If~• t- P,.0

RESTRCTED
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2. Sockgear *

An analysis of sockgear worn at the time of injury was

considered in view of the range of nulative protection

afforded by the several types of socks and the possible

co• trictive combinations with bootgear which could occur.

Table 54 indicates that among the cases of frostbite of

the feet there was an excess of individuals wearing but a
r single pair of wool ski socks. A detailed comparison of

this group with the corresponding group among the controls

with respect to type of bootgear worn revealed a signifi-

cant excess of cases wearing two-buckle leather combat

boots. The possibility that this combination is a con-

strictive one must be- borne in mind. It was obvious that

better Information could be derived by an aAlysI3s of ...

boot.ear-sockgear combinations. These will be discussed

•* below.

If certain types of sockgear were inadequate in insula-

tion value, were constrictive in certain bootgear combina-

tions or reflected the proper combination with a type of

bootgear which was conducive to frostbite as was noted '7

above in Tables 51 and 52, then the types of sockgear
should also have borne a positive relationship to severe

de~rees of frostbite. This waro true for cases wearing two

pairs of cushion Dole oecks (Table 55). A detailed analysis

of the 41 cases in this catecory by comparison with similar

controls in recardt to type of bootl~ear worn showed a signi-

0 . ficant excess of casen wearlnC two-bu:ckle leather combat

' "RESTRICTED
299 Irt t " """
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DISTRI1UTIOZIf OF 573 CASES tbF FRlOSTB3ITE OF TrM
FEET AIM 455 WNR-RATEE CONTROLS ACCOWIRIVG
70 TYPE OF SOCKGEI WORN; ATI TIME OF INJURY

KOREA, 1951-52

"Type-of Sockgear Worn Cases .otrols

Socks, wool ctr~hion sole 1 pair 177 3Q.9 176 38.7
Socks, wool cusihion sole 2 pair 41 7.2 27 5.9
Socks, wool ski 1 pair 67 11.7 15 3.3
Socks, wool ski 2 pair 166 29.0 116 25.5
Socks$ wool ski 3 pair 2 r0.3 5 1.1
Socks,0 wool cushion sole arA

socks, wool ski .15 20.1 116 25.5
Eto socks 0.2. -,

ootal 57i0. 5t1o0.0

Chi square 137975 df 6 F <.01 .

boots. It can be concluded that this probably constrictive

combination of two pairs of sock; in leather coebat boots

wits significantly related to moar severe frostbite. TAhus

we have two situations ench poi2ting to the le1ther combat

boot as havin been cohducive to =re severe injuries.

3. Bootprear-Socki~car Combinations

Certain standard conbinations of boots and socks have

been detartur~ed by Iýuartcr-nstcr research as being ap~pro-

printoe fr the several ranees or anbl.ent te4 ra0tures and

ground co anitions. Asnurne propoer fIt of the boot, then

a reduction io the nw.ober of sock layers, a thirzsr layer

and for twot mrtatter the auhostitutioni o an Ihproper boot

RESTRC1ED
300
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can openl inadequate insulation for the foot for the given

ambient temperature. Thus .. leather boot. with one pair of

cushion sole socks at 00 to -101 7. is considered in~adequate

* insulation as is also a shoepac with one pair of cushion

sole socks.

On the other hand an increase in the number o f sock

layers over the standard or a thicker layer may produce

constriction of the foot or at least increased sweating

with greater heat conduction. Thus ieatbcr boots with two

or three pairs of cushion sole socI~s or shoepacs writh three

pairs Of Wool 3ki socks can be constrictive. The latter

can also be conducive to #%xcessive v-eatinC: and upon ~im-

mobilizatiorn lead to rapid loss of beat. Tables '56 and 58%
* present the bootgear-sockecar conzbinations for White arA

* leero foot cases rospectivo].y, ar4d.Tables 57 and 59, the-

correspondirZg data for buniker-matt controls. 'Whites andA

Vegroes were analyzed separately since some differences

were noted between then with respect to sockrear worn (See

"Race", below). Si~nific~ant excesses were noted among

White cases wearing a sinele pair of cushion sole socks in

leather covrbat boots (inadequate 1gear for the temperatures

encountered), a single pair of cushion sole oksin shoo-

pines (inadeqjnte insulation), two pairs of cushlon sole

nocks in leather comba~t boots (probably con~strictive) 3-,'d

one pair of ski socks in leathrr combat boots (probably

constrictivti). Askoni V-. ro--s an e~ccess. of caz.ea- wz.s noted

wearing one pair of t;ki sockn in leather bcot.- (probably

flEST."TED
302 ratj IFI~ell
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vw.atrictive ard ccrtairly i-.aMtc'1ate insulation for the

4. Exitra Footwear CcarrIed

SI:.-.e o;ocks am:i, i:n the ca.-e of thEmepacs, I roc~e beer -_

1oslr.. their insudattive qua1ltle5, the arallab1i'l" of extra

footwear of thIs type of a~ bezommen iperi;4.1t it. the

preTe::tIon of colA In -ry. Trx:opa are u.nuaU-7 irdoctrinatez

4% r--o* hyr.!u.me 4 th!e ~eIfor ch:- rof socks

a:4 :ooezfrc ue it-, to retalit ale.-luzte !:ZuWion~Ir. Such

_.:4 Z erten2. zo~k chwae on: patroi.t is not ex-

=41Iltarirl. D .hs~ih I.I rave :r.aC~ L control

c.,n~ :h:t: e~-'e4 .. :I to 1-avc tho'm or~ h.ý. lvron

cc*:: :zp.!r tile d_ r'p::.e* bet.%.1 :.014, -ol1 n~Jz ~±o cold

ufto -.Ec fro::t-X-in rjrk-m.x. kt.-wllj Lta on u~l

-r :1f f~ w~yp~.ere not.!J. r IrC:.A

-. o_! w -':re ýit:.rv.-w will, dcean! to htr *er? tve

wn.h t.hey -7r5:' *J.,'~r p.'rzor. or wan. r itt.'1.y x~I

-e.: -:-:rr,"l ': :kr~*!:7ibe -,Q ther, 11 be :'een

RESTRICTED
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Instances in whichr neither extra socks nor extra tmw~es

were carried by them. Thi3lundoubtedly contributed to the

: .7

incmidence of cold Injury. That this was probably not a

maior factor in the production of frostbite is presumed be-

cause in other instances, despite the carryinr of such extra

gear, a great nurt.er of injuries occurred on patrols or other

situations when sock and i.nsole change could no'. practically

be accot-,lished. H~owveor that this factor was of socc ig. t P-
nificance was revealed by an analysis of caies and controls

exposed to low ambient temperatures in situations in wehic

sock ot insole. change could have taken place expediently.

in 560 ewes of frostbite of the feet, 252 or 45% were In

sittiations3 perrit~ting change of socks and insoles yet onl3y

1S6 or ,I of the latter carried extra footwet'r to chute.

This e ay be conpared to 214 out of396 controls or 54% in

"situations pernoitting change of socks winth 196 or 92a.' of the

latter carrying extra footwear for change. It would appear

that extra footwear should be carried irrespective of the

circuntances so that change of socks and insoles can be

executed whenever the situation permits.

5. 1:andwear

Adequacy of hardgear undoubtedly mod iftied thc occuence

of frostbite of the haeeds Table 61 presents a corparison

of hand cases aid butnker-hate controls according to the type

of hantigcar worn. Chi quare calculations indicated that

there was a hihly sigrnificant excass of cases without Cloves

at tine of injury or we.raiang oaly glove inserts, wh •eaes too

308
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TABUE 60 iiWsm

-DISTPIEUTION. OF 685 CAES OF FROJSTBITE AWD &.5L. 9 MER4(MTE
CO0NTROLS ACCORDING TO ITM~S OF EXTRA FOODEMA CARRIED

AT TIME OF DIJIJRI
KOREAo 1951-52

Extra Footwear Carried % SO.

Extra socks 2U1 31.2 200 lgA.1
Extra socks and insoles 217 31.7 2D6 1.5.1

-. No extra socks gZ inSOles 201 29.8 36 7.9
Extra insoles - No extra soeks 9 1.3 5 1.1
wItra socks - So extra inoles 1 6.0 1 7 1.5

"Total 685 100.0 -51 100.0

Chi 3quar* 100.905 df IP ?c-001

few cases wore complete mitten ensembles. This finding was

further emphasizd by utilizing* as controls. those eases

in which only the feet were frostbitten assuming that if

*expobure wore adept~ato in these ca.ses to prodkrce frostbite

of the feet, their handwear distribution should be silnifi-

*cantly different from that among the hand cases. Table 62

confirms this suspicion. It will be note. tha. a highly

uignificant excess of hand cases wore no Cloves at all or

only glove inserts. Individual histories revealed that gloves

removed to "unjanm" automatic weapons were frequently lost.

suugesting the necessity for some device. as a mitten cordL

about the neck. t0 prevcnt such loss. Frthermore cases

frecr"ently Indicated the need to remove outer shells for

Letter mansipulation of the ttiener finser. This would point

to the need for a weore hily insulative yet thinner insert

CES)Tfl63CT E
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DISTRIBUTION 0r 11.5 CASES OF7 FROSTI OF Til •ANDS.
AND/47 BUX:-.A'E 0O.;TnOIZ ACOORD1dG 70 K"ND-

CUAR Wrdl AT TD4 OF INJURY
KORFA* 1951-52

Randgear Cases Controls

wo.. M 11o. -No.

Mittens. shel only 1 0.7 2 O.1.
Mittens, insert only 5 3.4 1. 0.9
Gloves, corplete 56 38.6 211 /.7.2
Gloves, shell only 1 0.7 2 0.4

SGloves, insert only 16 11.0 8 1..
23o 1oves • 15.9 91 2.0

Total 14.5 100.0 Ut7 99.9

Chi squire 76-7833 df 6 P <.00l

TAME 62

COT'AMSON OF W1MT-hXR WM'J E 377 PURZ F" FWSTBI. .
MS-• AND W.5 •11.0D FP"S' BITE CL.S-S

IORZ%, 1951-52

Type Hard rn 1 s FN e t Cl's t-'M Cam

,ittens, co--plete 159 12.2 ,3 29.7
MKittCnS# shell only- 0 -1 0.-7
Pit~tenso insert only 7 1.8 5 34.
Gloves, complete 1i0 4.7.7 56 38.6
Gloves. shell only 3 0.8 1 0.7
Mloves, invert only 8 2.1 16 11.0
P•o glo'2es 20 5.3 2", 15.9

Total 377 99.9 115 1000.

Chi seuare 4 12.208 dr 6 P <.W01

for such purposes. ST TD
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6..Insulated flubber Combat Boot

The nov insulated rubber combat boot eamployUS the vapor

barrier principle began making its appearance imag United

States infantry troops shortly after 1 December 195l. The

United States Marines in Korea had been fully eqaipped prior

to the advent of cold weather but difficulties of supply by

manufacturers created a problem 'of distributice to the rest

of the United States units. The retarded distribation, how-

L ever, made comparative rate studies possible. -fr distribution

was not ccmplete for all United States front-line units until

the eand of Peorrary. If the new boot would aftbrd a high

degree of protection* the ratio of cases of frostbite of

the feet to cases of frostbite of the hands shuld decrease

with the iL ue of the boot to the Individual frt-line units.

That the insulated rubber boot appeared to hae reduced the

foot-to-i nd injury ratios among the several divisions Is

noted in Fiinre 9. The lst Cavalry and 24th bifantry Divisions

never did receive the new boot since they were withdrawn frim

front-line ,4uty before the boot was issued. Ihe 1st Cavalry

was rotated early in the cold season but the Xth Infantry

served a good portion of the winter and hence its ratio of

cases can, in a sense, be considered a control. On the other

hand the 1st Marine Division, fully equipped with the boot

before cold weathcr set in and thus representing a unit wear-

Absolute reductions in number of foot cases were not relied
upon, since a decline in tewperature could cause over-all
increases and obscure decreases derived by wesring the boot.

3;1



- ~ -. -.

RESTRICME

444

C)-j~r~r ~,flfiJ5a

9lcc~e
,-P.

*W

w
0 00 00 0 02. 0 0

00

cc

312



- -. ----. ----- ---.- -"--"--.

IESTRICTE-
ing the boot throughout the cold season# had an extremely.

low ratio of foot-to-hand cases siailar to the ratios

experienced by the 23th and 40th Tnfantry Divisions after

they were equipped with the insulated rubber boot. Reductions

were apparent in alcost All unite and the reduction in the

ratio for the Eighth Ansy as A whole& including the mi3cellaM-

vouz, support units who never received the boot. was 2.5-fold

(ric 3.5:1 to 1.4.1).

The relationship of the issue of the insulated rubber combat

boot to the mnthly ratio of foot-to-hand cases was further

explored by calculating the percentage of completion of issue

to reginrents from data provided by the Quartermaster Corps office

in Korea. 7igure 10 is presented to show this relationship.
b. - . - ,

As the issue of boots' proceeded and neared completiono it was

apparent that the hand cases repre:ented increasing p-opor-

tions of the monthly total of cases.

If the new boot is relatively more protective against cold

in.4ury, then a redaction -n incidence of the relatively more

severe forms of cold injury of the feet should have been noted

with increasing utilization of the boot. Fiure U indicates

such a trend. 'Ahereas in November 32.6. of the foot injuries

were third or fourth delree. in February this was reduced to P
16.29% (March repres-ented but six cases). Zuch a trend may

also be due to a decrease in combat activity.

Thus there appeare, to be evidence that the new rubber boot.

Mid-r..torith reei•,,nt.nl utr,-nsths and .-dd-aonth data for dia-
trihiton of tM.e 1,o- were ,tilized. calculating the specific
r,..ction of a rnt.-,'r-t completed on the basis of battalion
data. RESTRICTED
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tbough not completely preventing frostbite of the feet. seemed

to reduce the incidence and the severity at least for condi-

tione of combat as represented by the static de, onse opera-.

tions in the winter of 1951-52. The protection afforded

under more rigorous conditions of stress in the field (sever.

combat activity and very low ambient temperatures) remains

to be seeni.

X. Relation of Condition of Extremities to Frostbite

£lthough more properly a host factor because of physiologic .

differences in sweating among individuals, the condition of the

extremities is so intimately linked with the type of gear worn p

that It will be discu-ed in relation to clothing.

Earlier it was mentioned that wetness itself did not play a

major role in frostbite and that the climate and terrain in Korea

Was more favorable to the proadtction of frostbite than trenchfoot.

Even at, l•owa-r ambient t•eperatures. however. wetness assists mate-

rially in cooling of the extremity by rapid conduction of heat

away from the part. Thus sweat or external water can play a sig-

nificant part In frostbite production. In Table 63 it can be seen

that feet wet from melted snow or from wading in water were more

frequently found among frostbite cases than among the controls.

There was no significant number of cases with feet wet from muddy

ground. This was readily accounted for by the fact that in Korea

thaws rarely occurred during the winter season.

The relation between the condition of the feet and the severity

of the frostbite was examined and a tendency was noted for more

severe injuries to occur with wetness from external sources (Table 64).

RESTICT.D
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COMPARISON OF 566 CASES OF F•OSTBITE OF THE FE r AND
454. [lJNKER4•ATE CONTDLS WJ'.TH R•SPECT 70 CONDITIOJ

OF FEET AT TIME OF INJURY •
KOREA, 1951-52

Conditlon of Feet CAs" Controls
N;o. I 1o.

Dry .151. 27.2 U3 A-,9
Wet with sweat 239 42.2 238 52.5
Joet from muddy ground 9 1.6 1 0.2 . -
Wet from melted snow 139 24.6 96 21.2 1.
Wet from wadir-P in water j *..j 5 1.1

Total 566 100.0 453 99.9

Chi squnre - 32.954 df - 4 P <.001

TABLE 6U'

RELATION OF DEXOREE OF INrJRY TO CONDITION OF FEEvT AT TD'.P OF Ii:.alRr AH4ON5
566 CASES OF FR)STBTE OF T EE FEET

KOREA. 1951-52

Condition Derree of Injur, - F.et . ""
Feet. to. 1 . J I Z'o~ .... ± J. .• •;. ",ol '"---
of_____ First Second Th ird Fou rth 4Total

Dry 62 25.6 44 25.4 39 31.0 9 36.0 15W. 27.2
Weet with sweat 105 0,3.1, 85 49.1 45 35.7 7. 16.0 24; 7-2.2"Wet, fro.,, r,-4dy-".""'-.

ground 1 0.7. 2 1.2 ). 3.2 2 8.0 9 1.6 "
We t from melted

snow 61. 26.4 3), 19.7 A7. 27.0 7 28.0 139 24.6
'We t, fro7 .".a. .n. .

in water 10 .1 1 •.6 , 2.0 .2 -i.-

Total 24*2 99.9 173 100.0 1i6 llo.I f25 100.0 5t 1." ).O

Ch1. square - 26.164 df - 12 P <.02

R S PVT TE -
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This was not at anl surprising when it was noted that leather

combat boots were prinmarlv involved in permitting the feet to

become bdt from external liquids. Furthermore, these boots were

Sgrossly inadequate for the temperatures encountered. Since such

4 large numbers of cases claimed their feet were wet with sweat

and from melted snow, it was of interest to relate the condition

Iof the feet to the type of bootgear worn at the tim of Injury.

In Tables 65. 66. 67 and 68 White and Negro cases and controls

N- all show similar patterns. Cases wearing the leather combat

"* !boot which Is not irpervious to liquids showed, as was to be

Iexpected, a high incidence of wet feet from external seepage (muid

41 • •or snov) wheroas cases wearing the shoepac or Insulated rubber

boot had a very hig1, percentage of feet wet with sweat. The new

in,-ulated rubber combat boot appeared to have produced more sweat

thin did shoopacs; ho'..ver, chi square (contingency tables) cal-

culat.ionj s•ow these differences not to be esiLficant. In any

event it -ill be recalled from previous tables that the new

invlated rubber boot was rarely associated with frostbtte despite

t its hiMh sweat induction. This is readily unlerstood when it is

* I• realized that In the new boot sweat could not serve too well as

a conductor since the insulation is sealed between Impervious

rubber layers. whereDs in the shoepac the sock and insole, serv-

ing as insulators, become saturated with sweat and lose their

insulating qialities. The differences between cases and controls

;.oted in Table 63 above were found to be primarily in wetness from

external sources. Inspection of Tables 65 to 68 inclusive reveals

I that these differencei were maintained in the rice and gear distri-

............. '..............................'.................-.-..-... -......
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TABU 65

""ELATIO0 OF CO!DITIO; OF FEET TO TYPE OF F)OTMAR
VRN BY 326 WHITE CASES OF FROSTBITE OF THE F="

KOREA, 1951-52

, of. Footpear
Russet Insulated : g

Condition of Feet & Rubber Total
2-Buckle Shoe ac Boot

SDry 31 22.8 4? 25.8 1 12.5 79 24.2
Wet with sweat 20 14.7 117 64.3 7 87.5 MA 44.2
'We twithmul or szeww 77 56.6 9 4.9 0 s 6 26.4
Wet froa wýJirr in water 8 5.9 9 4.9 0 17 1 5.2

Total 136 100.0 182 99.9 8 100.0 326 100.0

Ch. square - .129.036 df- 6 P <.001

TABLE 66

M -EArION;. OF CO:xITlo?:OF M'.' TO TYPE OF
R 0't•a. ! BY 403 7 CO;.mOL3

KOMEA, 1951-52

?'ne of Footgear
3u~et Insuulated

Cordition of Feet & Shoepac Rubber Total
2-Thvekle Boot%

Dry 32 22.5 59 27.7 8 16.7 99 24.6
Wet with sweat 2). 16.9 152 71.4 40 83.3 216 53.6
;let with mud or snow 82 57.7 1 0.5 0 - 83 20.6

Wet from w••ing in wattr 4* 1 2.8 1 0. 0 - j 1.2

Total 92 99.9 213 100.1 48 100.0 403 1i00.0

Chi square - 210.031 df 6 P <.001

RESTRITED
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TAME 67 Siat bca

RE.ATION OF COMITION OF F TO TYPE OF FOOTGY
WORN BY 227 tDGO CASES OF FROSTBITE OF THE FEET

KOREA, 1951-52

1of Footirear
Russet Insulted

Condition of Feet & Rubber Total
2-Budcle Shoepac Boot
U' " 110. 1- No.. No. I ,"

Dry 35 "-.334 29.8 1 12.570 30.8
Wet with swat 14 13.3 71 62.3 7 87.5 W 40.5
Wet with ui or snow 51 48.6 7 6.1 0 - 58 25.6
Wet from w-axinz in water 51 4.8 2 1.8 0 0 7 3.1

Total 105 100.0 114 100.0 8 100.0 227 100.0

Chi square 80.667 dif -6 P <.001

R .rE1ATION OF C00ITION OF FE TO TTYPE OF FOO1
3WOR By 37 IZGFO PJ!:XER-MATE CON1TROLS

KOREA, 1951-52

Te of Footsear
Russet 1nsulated

Condition of Feet & Rubber Total
2-Nckle Shoemic Boot

_ _ _ _ _ _NO. - 1! __

Dry 10 43.5 1 12.5 0 -I 1.U 29.7
Wet with s'eat 6 26.1 7j 87.5 6 [OO.0 19 51.4
vWet with =4 or snov 7 30.4 0 - 0 - 7 18.9
W Wet fron widin, in water 0 - 0 - 0 - 0 -

Total 23 100.0 8 J00.0 6 100.0 37 100.0

Chi square 15.874 Of 4 P<.01

RESfiI•:ICTD .
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butions (2.2 S.E.) with added emphasis on wetness from wading Ini

water (2.7 S.E.). There were no sigdficant differences between

the races but this winl be elaborated upon in the race discussion

below.

One hundred eighty cases of frostbite of the hands were compared

to the bunker-mate controls with respect to the condition of their

hands at the time of injury (Table 69). It was obvious that sig-

nificantly fewer cases than controls had dry hands and a signifi-

cant excess of cases reported their hands were wet with water.

As was done preoroussly for feet, the relationship of the condition

of the hands to the severity of injury was calculated. Table 70

shows a highly significant direct relationship between wetness of

the hands from external sources and degree of injury i.e. mre

cases of frostbite of the hands had higher degrees of injury when

.he hands w'ere wet with external iquids than when dry or wet with

sweat.

TAELE 69

COW ARISCN OF 180 CWES OF F!"D3I7TIE OF TVM F.Ar,. AND 4.50
' lJXER-4ATE CONTJDLS "1Th[ RE•SEZT TO CODITION

OF HANDS AT TDCE OF D1JIJRT
KOREA. 1951-52

Condition Cases Ccnt-ols
or Irn•fd !"0. • ::... . J

Dry 110 61.1 372 82.7 L
Wet from sweat 23 12.8 50 U.1
Wet from water 4.5 25.0 28 6.2
;;,'t from othe," lIRuids 2 1.1 -i
__ ___....r 4_

Total 183 100.0 1050 100.0

CU.i .,•cpare " 51.701 df - 3 P <.001

RESTif"TED
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Rfl.ATION OF DEGREE OF INJURY 70 CONDITION OF HANDS AT TIME OF INJURY AMNG
180 CASES OF FROSTBITE OF THE HAN4DS

KOREA, 1951-52

Hands No. . .

Dry 60 71.4 -42 56.0 5241.7 3 33.3 110 61.1
'det from sweat 13 15.5 9 12.0 1 8.3 0 - 23 12.8
We 1 from water 10 U-.9 214 32.0 6 50.0 5 55.6 45 25.0
Wet from other

liquids 1 1.2. 0 - 0 1 111.1 21 1.1 .

TOtl8.100 5 100.0 12 100.0 9 100.0 1S) 100.0

Chi square 27.891 df 9 P <.001-

In Table 69 it will be noted that watneas from external liquids

contributed significantly to the production of frostbite of the

hends. This Was again emphasized when the data were redistributed

according to race and type of handgear worn (Tables 71 and 72).

Added emphasis was noted on wetness from external Liquids when the

hand case wore no gloves.

M. Foot Hlygiene and Change of Footwear

No special studies on foot hygiene were conducted in Korea in

1951-52. Foot hygiene was however part of personal hygiene obser-

vations in the pre-exposure studys but these observations were

- m

conducted almost exclusively on individtl3ls who were not frost-

bitten. Though rAcial differences were noted (Appendix Table 36).

data for only 12 cases who were observed in the hospital under

highaly favorable environm~ental circumstances were a~va.1lable for

comparison. Furthermore bias coul! not be considered as having

RESTRICTED . .
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TABMI 71 RESTRICTED
COVPAIRISON OF 104 WHI7TE CASES OF FR03TMITE OF THE IMS AIM

3V8 WHITE aJI1MR-Y.A-E CONTROLS WITH RE.SPECT TO TIPE OF
HA:Z...S.U ER J AM CONDITION OF HAIMS AT •TME OF Iw..R.

SOREA, 1951-52

Condition of Ha.-dsJ Woit 'Cases_ ' White Controls
H ane Worn Wet Vat Wet With Wet Wet Wet With

With With Other dith With Other
_______DrV ~a Water Liqou.ids D &-c~at Water L~giqids

( Mitten, compete 22 7 4 0 I47 35 9 0
Mitten, shall 1 0 0 0 1 0 0 0
Mitten, insert 3 0 2 0 4 0 0 0
Glove, co,-1lete 28 4 8 0 156 12 16 0
Glove, shell 0 0 0 0 2 0 0 0
Glove, insert 2 1 3 0 5 0 2 0
!?o •1oves 5 1 U 2 .j 0 0 0

Total 61 13 28' 2 324 47 27 0

TAM.E 72 j

COITA!UISON OF 73 ?ZE,RO CASFZ OF FRI 06-TIITEE OF lICE HAINDS AIM
36 rtXQi BLPNKR-Y'A-, CONTPOLS WITH RESPECT -10 TYPE OF
HAN.1-AR WORN A:D CO'DITIO0; OF H•rIAS AT I OF INJUR•Y

KOREA, 1951-52

Condition of Itiads
"!:m-o C.13s 1:!rro Controls

andwear Worn j fWet 'Wet Imet With Wet Wet ,et With
With With Other '!.th With Other

Dy CD.;.•t 'l,.terr wieuids Dr ,at Water ALquids

Mitten, complete 14 2 6 0 14 0 0 0
Mitten, zhell. 1 0 0 0 1 0 0 0
Kitten, insert 0 0 1 0 0 0 0 0
Glove, coinplete 22 6 5 0 19 1 0 0
Glove, shell 1 0 0 0 0 0 0 0
Glove, inscr I 0 2 0 1 0 0 0
1:0 l 1oves 0 3 0 0 0

Total 48 17 0 35 1 0.0

RESTC'f£D"
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been copletely lacking and the reliabflity of this da+t- was

thu low. No 3tnies were conducted on foot inspection practices
&m f'" °iasofi unit.,. o

Fairly adequate data were available for one aspect of the foot

hygiene problem. nmely cbangse of footwear. Data were collected

on the average i .terval of sock change, interval between last

"change of socks and or.set of frvstbite and average interval of p
insole thenve. ftan=sQ in this latter item did not imply a turn-

over for new or freh insoles bat rather a cl:.nge to dry ones.

It is fairly ol-rdaus that socks and insoles vet with sweat or "

external 11,crids are relatively good conductors of heat and can

thus be conducive tp cold Snury. The effect of sock and insole

change upon the incider•ce of frostbite may only be speculated upon

without elaborate factor analysis of all the data. A clue to

w.ether this fac.•cr played a significant role in frostbite may be

derived by c€xa.r•r.$ the average cock and inpole change intervals

ammg cases with thcse anong bunker-•mate controls. In Table "3

a ecoparlson Is ;?s-3ented between cases and controls in relation

to the average jscroary) interval between changes of socks but

no significant diZ'erence was found. (Thougb a significant dif-

ference was fwnd between White and Negroes relative to average:

change of socks tlese data were not sigrAficantly different froms

the respective ce-trol data by race as noted in Appendix Table 23.

Hence ccrnsolida'.cn cf the data in Table 73 was considered valid).

Neither was the.-e any apparent relationship between the interval

of average sock e!g;e and the degree of In.ury (Table 74) as

n-gt have been e)ceted if -sock change played an obvious r. '

REST3IC2E4 "
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00HPARIS0. OF 678 CASES OF FW'STBITE AND /51
CONTm)LS WI1' RESPECT MO AVEhAGE C ;NE OF

SOCKS PRIOR TO COLD INJURY
KORE1, 19r1-52

Average CAes. Controls
Sock Change No. % No. •

Every day 45.42 67.0 337 74.2
Every other day 14.1 20.8 73 16.1
Every tIrd day 4.7 6.9 19 6.2
Every fourth day 14 2.1 9 2.0
Every fifth day 5 0.7 1 0.2
Every sixth day 17 2.5 8 1.8

ver seventh day 0 7 1.

tbtal 673 100.0 /•15. 100.0 ---

mean 1.6 days 1.5 days

. .D.. 1.053 ±. 1.11.

t- 1.493 P >.10

i., the Korean winter of 1951-52.

* Similarly cases and cnntrols wearing shoepacs were com.pared in

relation to the average (cu.stomary) chanre of insoles (Table 75).

A definitely significant excess of cases who revealed the fact"

that th~ey did not channe their insoles at all up to the time of

injury indicated that lack of adequate insole change could have . .

contributed to the rrostbite incidence. No relationship. on the

other hand. co€ild 1.be found between the interval of average change

of insoles and the degree of' injury (Table 76)4. Coaparisons of

the mean intervals in days for the several degrees of injury re-

vealed no significant differences. RESTRICTED
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OCNPARISON OF 365 CASES OF FROSTBITE AND 232 008-
THOLS ('%W-WG SHOEPACS) WITH RESPECT M INTE-

VAL OF AVERAGE C0ANGE OF INSOLES
KOREA. 1951-52

Average Insole Cases Controls
Chanfe _0._ No.

Every day 21.2 66.3 173 71..6
Every other day 56 15.3 34, 14.7-
Every third day 12 3.2 7 3.0
Every fourth -lay 0 - 2 0.8
"Every fifth day 0 - 0 -
Every sixth day 8 2.2 6 2.6
No chanre J7 12.9 10 4.3

Total 365 99.9 232 100.0

Cd square 15.568 df 5 P <.Ol

Since no significant differences between cases and controls were

found when the avrar interval of sock change was compared, the

interval between last sock change and date of frostbite was com-

pared and a significant excess was found among cases with an

interval of over 5 days since last change of socks (Table 77).

Tne actual num.ber of cases involved however was small and mitigated

the importance of this factor in the incidence of frostbite in

Korea durine the winter of 1951-52. e3pecially since a majority

of cases changed socks less than one day prior to frostbite. This

latter wae corroborated Ly inquiries in front-line units where it

was learned that company cor.-tanders frequently ordered fresh sock

changes before units went out on patrols.

Further ,nalyris wa•s nade of tU. .rval between last change

of socks and tLe time of froatbite in relation to tMe conr-t.ion

RESMICTED
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COMPARISON OF 692 CASES OF M1STl3ITE AND 165L CNTRUIS

KOREA# 1951-52

Last Chalg I ases C trols
of Socks % No.I Ao.

-I day 41.7 64.6 255 56.3
I1-2 days 169 24.4 150 33.1
2-3 days 31 l..5 33 7.3
3-4 days 17 2.5 9 2.0
4 -5 days 2 0.3 1L 0.2

> 5 days 26 3. 1 5 1.1

TOWa : 692 1.00.1 1 .53 1.00.0

Chi sq~jare -21-797 df 5 P -c-01

of the feet at the time of Lijury in an effort ta detersdne whether

this interv~al bore any relationship to such cinrdition. i.e. whether .1

the length of the interyal could have influenced the condition of

the reet or been influenced by it. In Table 78 comparisons indi-

cated that a significant difference cexisted between cases (arnd

controls) iihose feet ware wet b~y external liquids and those whose

feet were either dry or wet with sweat# with the florer category

showing longer intervals. This finding did not indicate that pro-

loneation of the intern-al influenced the condition of the reet

for it was obvious th~at tlwcuth rostpoaning zock change could have

beer, con'J.zcive to in-cm-ased wetness either from sweat or from

external licr.:id t-y prolonge;.d seep.-ige. no difference in t.he sock

change inten-:3 w32 neen t.U'n h cases whose feet. were dry

and thoze -dl.oze feet were wet with zwest. It was necensar7 then

to. look elsewhere for the reason betind the sij7dficanntly higher

R"STi'"CTED
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interval s3 te last change- of socks fbr cases and jonIrols whose

feet were wet with external liquids. From the discussion of the I
role of extra footwear carried by the rifleman in frostbite inci-

dance above, it will be remembered that the lack of extra foot-

wear for changing did bear a relationship to the incidence of

frostbite. I clue was derived from this data in that a signifi-

cantly larger (2.5 S.E.) percentage of cases whose feet were wet j

ibith external liquids did not carry any extra footwear to change -

(Table 78a). This prcbab1ly contributed to the longer interval

since last change of socks.

TAM.E 78

COMPAR.ISON OF INTERVAL LSTWIE12 LAST SOCK CHANGE AND OHSET 0F
FROSTITE A11011 544 FOOT CASES AND 397 •.q•3-J S (EXCUJSIVE
0F THOSE W&IRING I1JSn. TED RUBnE I BOOTS) WITH PMPCT TO

CONDITION OF FEET
KOREA. 1951-52

Interval Between Last Sock
Condition Chin"e antd Frostbite

of Caies j (kntrol-s

Feet J ea eaA

Dry 150 1.0 -0.86 lo 1.0 ±0.96
Wet with sv.weat 222 1.0 11.05 192 1.0 -0.8
Wet with extern- 172 1.5 -1.47 101 1.7 "-0.75

-P liquids

0. Coirand Leadership and Morale

No satisfactory measures of command leadership and morale as-"

psychosocial attributes have been lresented in the literature.

Much has been written concerninC the role of good leadership in '7,

producing high morale. yet not only the ele--.ts which make up

Lood leaderships but even those wh-ich constitute morale have defied

even quasi-quantitative description. To find some measures of

"RESTRICTED
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PCEIIETActs cmArRz wO ExTRA FV0TAEAR FOR THiE SEVERAL CVIJDITIONS
0' WHE FEET AYDNG 54.4 CASES AT THE* TIME OF F1DSTBITE .

KOnEA9 1951-52

.... . .. .....

Condition of No. carry-
the feet lug no extra S. D. No. of

footwear % DI M % S.E.

Wet with sweat 222 58 126.1 )

Dry1.0.. 3. ,5 06.

'Wet with extern- " .12'
k al liquids 172 60-____ L 2.5

leadership and morale would undcubtedly lead to the solution of ..".."

the role of these attributes in cold injury.

It has been said that units with high morale "have lower rates

for venereal disease, fewer court r=rtials and a minizain, of acci-

dents" (6). Hypothetizing that if cold injury was inversely 'related

to morale and leadership and if nonbattle injuries were also in-

versely related to these attributes. units with high nonbattle

injury rates should also show high cold injury rates. The for-mer

rates were calculated for each regiment (excluding cold Injuries)

on a monthly basis and tveraged for the 5-month period. These

were then correlated by SpCar~nants ranx-order method with the mean

frostbite rates for the period for all the regLiments (Table 79). -."

No si•pificant correlation was found. The value of 0.278 for rho . -

was quite u:nrelilale because the number of paired obsertations was

small and the If fIducial limits ranged from -0.291 to +0.706 with

the true coefficier.t falling anywhere within thene li;mits. Product-

momnent correlatior,.i between nontattle inju r- aM cold injury rates

were ealculnte.• utilizing data for regiments only when they were . .

;n the line as weil ;,a irrespective of the time spent in the limes.

"33~ RESTRICTED
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COMPARION, OF KEAN MONTHLY COLD IN'JURY RATES WITH MEAN MONTHLY
NONBATII2 IIIJURY RATES AMOXG 21 UNITED STATES RMIlFJiTS

4OREA, 1951-52

Division Mean Nonbattle Mean Cold
nInj Rate Injury Rate

2nd !nf. Dl.-... 2. .(62.
9 ?eg. 16U2.0 (6 ~ 2.7 (19)

23 Reg. 14.5.6 (016 2.) R20)
38 Reg. 125.5 15.7 17) .

,3rd Inf. Div.
7Reg. 172.5 C3) 32.6 (5)

15 Peg. 98.2 (20 .7 (3)
"65 Reg. 159.9 29.2 )

7th mtf. Div.
17 Peg. 150.7 (9) 97.3(J1)
31 Beg. 162.9 5 12.6 (4.5)
32 Peg. 205.3 1) 2Z.9 (9)

24th Inf Div-, +-. 14.8 (o3.5 6J
19 Reg. 171.? 10.2 U
21 ?xz. 132.1 1 28.5 ( 8S25th In fo Div. 18
27 Feg. 93.5 0.6 2o.6

35 Zeg. 122. 1 19.2 (10140th IrS. Div.

160 ?Feg. 127.3 (15) 37. (" -223 Fee. 181.4 ( 2 74.6( 21,
S224, F•.•. 122.8 (181 12.6 (14.5)"

45th Inf. Div.

,180 Feg. 133.1 (1)38.0 (3)
I 279 ?-. 125.2 -(V) 17.9 (12-

*hIbrbe-r: in parenthesis indicate rank in rank-or-.ier
correlation, rho - 0.278 P >.05

, ". RESThICTED
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bat no sigdficant. correlation could be established (-4.004 and

40.076 respectively.) Thus the data failed to establish a rela-

tionship between nonbattle injury rates (as a reflection of eor-

mand responsibility and morale) e-nd cold injutyfrates.

Xilitary disciplinary records (as an index of morale) also were

compared in an attempt to establish differences between cases and

controls. The pre-exposure study yielded information on 119 frost-

bite cases and 10535 controls (Table 8D). No significant differ-

( once between the two groups could be found. Tihs disciplinary

records did not provide a measure of morale in relation to frost-

bite.

Rotational policie's were unifonr and liberal in Korea during

the winter of 1951-52. Post divisions utilized the system of

rotating a single regiment into reserve at a time. One or tw"

divisions utilized a battalion reserve system of rotation in which

all three regiments of the division were in the line and one bat-

talion from each regimcnt in rese.ve. Thus such uniformity os- p

sible only in.& static defense situation, obviated unit comparisons

of cold injury rates with relation to rotation and possible vari-

ations in morale. Rotation to the Zone of Interior u standardized

on a point system and front-line rifleman could expect such rota-

tion after approximately one year of service in forward areas.

Thus adequate rest, a static front and rotAtion Wo the United States

a relatively early attainable goal undoubtedly contributed to good

morale. No measurement of morale was achieved and its quantitative

role in frostbite remained indeterminate.

P. Combat Experience REST"ICTED
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'TAX,3 80 SiI,,,•.bU , ,U

OMPARISON OF 119 CASES OF FROSTBITE AND 1535 PR-ESUR
OONTR1S WITH RESPECT 70 DISCIPLIHARY RECORD PRIOR TO

COLD INJU r
XOREA, 1951-52

Disciplinary Record Cases ControlsQ • . -

Nne 97 81.5 1304 M-9
Compta7 punishment 7 5.9 94 6.1
Semnary court-martial 9 7.6 83 5.4
;pecial. court-martial 4 3A. 25 1.6
General court-martial 0 - 2 0.3
More than one compAny punish. 0 - 20 0.6
More than one summary c. a. 1 0.8 ? 0.,.
M}ore than one special c. a. 0 - 2 0.1
Maje than 3 of abve items 11 0.8 6 0.

Total 119 100.0 1535 99.8

Chi square 5.n12 df 8 P >.0

The ability to cope with the probleas of survival- and to achieve

a relative measure of comfort in inclement weather and under com-

bat conditions is the result not only of elessrvo and field train-

ing but also of repeated disciplined applications of the mechanics

of survival and corfort under these conditions. " Troops in Korea

during the winter of 1951-52 were for the most part replacements

for troops who fought in cold weather the previous winter. Table

31 indicates that more than one-half of the cases and controls

were in Korea for no longer than 3 months and that but 0.6% of the

cases and 8.4% of the controls were in Korea for !onger than 8

months. This woAl definitely indicate that the bulk of the troops

in 1951-52 had not bee- engaged in winter combat during 1950-51.

go significant difference was found between cases ard controls in

RESTRICTED -"
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respect to length of time spent in Korea (t - L053 P >.20).

From data collected in Ute pre-exposure study It was found,

furthermore, that only 2.9% of the" front-line replacements had

seen combat, previous to Korea (World War I,).

" •lBI 81 ,

COMPARISOh OF 694 CASES OF FFIOSTEITE AND J 5.5 ONTIDI"S
WITH RESPECT T0 THE TIME SPENT IN KOREA PRIOR TO

COLD INJURE
KORFA. 1951-52

"Days in Korea Cases ntr~lNo. • c.I #,

0-30 108 15.6 85 18.7
31- 60 138 19.9 'A 16.3
61- 90 109 15.7 75 16.5 "S91-120 77 11.1 L+5 9.9 ""

121-150 71 10.2 17 3.7
151-180 16 6.6 1A 9-7
181-210. 25 3.6 38 9..
211-240 116 16.7 38 s.4

Over 240 4.. 0.6 3 8.4.1 "

Total 694 100.0 45,51 100.0

Mean 105.6 days n10.5 days

S.D. - 72.6,. - ± 79.82

t .1.053 P. >.20

The nher of days spent in actual combat was smaller because of

the static front which provided opportunity for frequent rotation

of regi.-nents into reserve. In Table 82 the frostbite cases and

epide.,dologic controls are distribited accorling to number of days

in cambat. No cignificant difer.nce existed between cases and

controls irrespective of race, tut the smalttmimber of days s;ent.

RESTRICTED
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in actual combat by the majority of both groups was striking.

From these three groups of data it may be concluded that com-

bat experienýe for the United States troops in Korea was rela-

tively minimal especially in ;inter warfare. This relative lack

of experience was not a major factor in the ineidence of frost-

bite since control data were virtually Identical. If this inex-

perience affected tle production of frostbite, the incidence

contributed by this factor was obscured or hidden by the other

more obvious factors, e.g. inadequate gear. iasobility in combat

etc. -

* TA.ELE82

COMPARISO. OF 679 CASES OF FROSTBITE AN4D 16%
ONTLSM.S WIV R=-:ECT TO DATS IN '0MT.-"

KOlTA& 1951-52

Days in Cas3s, Controls .
Combat 1-:.J N JO.-

0 - 15 192 28.3 113 2.9
16 - 30 125 18.4 84 18.5
31 - 4ý 65 9.6 59 13.0
46 - 60 51 7.5 32 7.1
61 - 75 35 5.2 19 4.2
76 - 90 39 5.7 27 6.0
91 - 105 32 4.7 21 4.6

106 - 120 34 5.0 37 8.2
More then 120 106 15.6 61 13.5

Total 679 100.0 453 100.0

Chi square•-.941 d, B 8 P >.20

Q. Cold Weather Training

The effectiveness of cold weather training probably depends

upon both an environmental and a host factor. The environmental

factor may be represented by the external experience as, for

RESTRICTED336 ••lt.
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examples the amdunt of didactic &. ýrial presented to the individ-

nals the length of time spent in winter maneuvers wds certainly,

length of time in winter combat. The host factor an Include the

elements of receptivity and utilization of such experience which

in turn Is conditioned by such attributes as Intellignce. morale,

self-discipline and the will to survive.

Ouring the 1951-52 studies an attempt was made in the pre-expo-

sure study to assess the amount of training receivae per soldier

for cold weather warfare. The data collected are onearized In

* Table 83. Difflerences were apparent between frostl~te cases inter-

viewed in the hospital and pre-exposure controlz qvstione a in

replacement centers. Tho same shortcomings are inherent ir, this

analyst-- as were noted in the World War U. study by hayne (6).

A more precise reasurement of this factor and Its isle In the pro-

duction of f rositL*. .4 will depomd upon a survey of adequately kept

records on the individual soldier relative to the mimber of hours

of instruction by lectaures and films and the length of time spent

in cold weather operations and cold weather combat.

In general. the findings revealed the cases to Uive had much less

cold weather training than did the controls, which result however

is not completely dcvoid or emotional tendency, an the part or the

cases, to assign external blame for their iii.iury. Thus definite

conclusions cannot be drawn from this data.

IX. HOST FAC70RS

In any discussion of' the agent-host relationship in disease or traxima.

the interdependecnce of th~ese two broad cat~eLorie3 cannot be overloolkcd.

External factors in t-ne envirornment which mr .-:y tile action of the agent

RESTIP1CTED
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SL ,,R T 07 OF XJO L OF WW WAI. TrRA3I-
1IG B TIPE FOR 1.20 FJFSBITE CAM.S

AND 1.62 PRE-EWV3JRE CONTMIS
KOREA* 1951-52

Type of Cold Weather means
Traininx Cases Controls

Lectures 1.2 3.5. .
Films 1.2 2.5
Clothing demonstrations 1.2 1.9 -

Cold weather oeations - 0... 4J

, Data lacking
lumber of lectures, films or demostra- 4
tions attended

either favorably or unfavorably can also modify host factors. As examples

of this Interdependence in cold Injury there can be cited the influence

of the stress of combat activity upon the posture of the infantryman. his-

ability to move# his emotional response. sweating, the influence of con-

mand leadership on morale and the will to survive and survive comfortably.

In the subsequent discussion of host factors this "interdependence should

be horne in mind.

ftithormore. just as environmental factors are occasionally attr- . "

buttes which lend themselves only to quasi-quantitative mensuration, so host

factors are frequently of this type and hence difficult to assess except

by comparisons of incidence of the factor between test and control groups. ,.

In the ensuing discussion, wherever measurable, analysis of host factors . -

will be presented quantitatively.

A. Age

Age has never been implicated as influencýng individual ssceip-

tibility to cold injuiy. Although, the very young with their

relatively unstable card!ovarcular systems and the older Individ-
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als with their re.-iced adaptab.lity to vascular stress might. be

more susceptible to cold injury. nevertheless the age rop.

found in the armed forces and exposed to the rigors of front-line

winter combat are usually we- within these uxtremes. Further-

more, the screening of draft solectces and'the subsequent rejec-

tion of the ph~ysically unfit undoubtedly. operate in fair measure

against the exstence of a sigificant proportion of relatively b

more susceptible individuals. In Italy no relationship between

age and trenchfoot could be established utilizing hospitalized

controls (10). On the Western Front or Euerope In 191 th45 no evi-

dence of the inftluence of age on trenchroot (6) and in Korea in

195C-51 no relationship betweer. aje and frostbite (7) were found

although "oth these studies lacked controls. The age distribi-

tion of the yorean cases of 1 u0-51 was notably, lower than that

observed in the eiropvan shficater of Operation (85.7 A and 35%""'"

respectively undir 25 years of a yhe).

In 1951-52 the obscrved abe distribution of cases of frostbite

in Korea was not unlike that. for 1950-51. with 90.2% of th~e cases

under 25 years of age and a ranone froEm 17 to 38 years (Table 8-4 ).

These differences. i.e. anong the experiences of the (6) M, Korea

195C-51 anr horea 1951-52. can readily be accounted for by the

differences in draft needs and ;*licies. In'the EM the =arpower

demands of World War 11 brouj~ht inito the nr~ned forces older 5mdi-

viduals. -ot3re married men and a.con.troh did T:e aanpo-ier derr-..ds

of the Korea n conslict. ofe.-he aore. the firs. year of Korean

action saw roe etewhat older aoldicrn in the line tho n the winter of

1951-52 ,ince initially troc~s cane fromi jpan and were serving

RESTRICTED
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OWHARIS0N OF AGE DISTRIHJT!OS OF 703 CASES O SP ~ Miu

FWOSTEITE, 455 WNXER4tkTE 00NTHMTS
AND 1626 PRE,-EXPVSURE CONTROLS

KOREA, 1951-52

Age in Binker-Mate IPre-exposure
Years Cases Controls onrols

No.1 No % No

15-19 115 16.3 48 10.7 302 18.6
20-24 519 73.9 356 78.3 1-179 72.5
25-29 56 8.0 44. 9.6 121 7.3t
3D-34 10 1.4. 4 0.8 18 1.1
35-39 3 0.3 3 0.6 4 0.3
4041" 0 - 0 ?~ 1 0.1
16549 0 - 0 -

305 0.- 0 - 1. 0.1

Total 703 99.9 455 999 12 10.

Mean Age 21.9 22.5 21.7

S.D. ±2.55 ±2.47 j .2.63

under longer rotation policies than troops in 1951-52.

* The mean age of the 1951-52 frostbite :ases was 21.9 years.

Bun-Jer-reate controls had a mean age of 22.5 years, a statisti-

cally' significant diffetences but of no apparent functional or

* physiolojgic importance. This difference wdas in part due to the

omission of Yarines and two other divisions with their siMdfi-

cantly younger troops from the control sample (AppendiLx Table 5)

and in part due to the relatively ws:;Uer proportion or Neeroes

(whose c:erage ago Was lower) among the controls. The age di3-

tr-ibitioa of the pre-exposure controls was probably more repre-

sentative In this regard for the front as a whole and reveAled

340
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no significant difference from the cases. Thus age appears

definitely n to have played a role in frostbite In Kirm dur-

In& 19ýl-52.

Age differences might influence severity of injury, I.e. younger

individuals might show more severe frostbite because of less expe-

rience in winter combat. The data were further analyzed with re-

spect to age, degree rf injury, race and site. In Table 85 no

age-severity trend was noted for White casea of frostbite of the e

feet although Negro cases chowed an Inverse relationsip between

degree of injury and age. The difference in mean age between first

and fourth degrees of frostbite in Negroes was statistically sig-

nificant. Similar trends were not apparent for either White or

Negro h-an cases. .-. .

B. Rank ,-

Earlier (Table 5) it was shown that frostbite had a high selec-

* tivity for front-line riflemecn. It was expected that the rank

distribution among frostbite cases would sahow a preponderance of

lower ranks. Table 86 presents the comparisons among cases, banker-

mate controls, company strength and the Eighth Army in respect to

rank. There was a highly A'igiificant excess of privates and pri-

vates first class among cases over that expected from the distri-

bt-•.ons in the Eighth Army, in rifle companies and among the

bunk,:r-aate controls. Thus, since front-line riflemen were pre-

doeinantly of lower ranks, these data reiterated their selectivity

in frostbite by greatar chance of exposure...

A higher rank was very frequently the reflection of a combina-

tion of factors such as experience, aptitude. intelligence and

RESTRICTED
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TABIZ 85 RSmTRITE
COMArdSON OF IAfl AGZS FOR 1IITZ kaI NEC.VL FOOT AIM HAIMD

=ALS OF FPLSTBITE WITH RESPZCT TO D?--R!E OF IUJURY
KOREA, 1951-52

Degree Foot Cases lHsnd Cases.
of Wie(N:-336 _______ (N23) _hie_____. N-4

Ijur Yean Are S.D. ?iTan A,-'e S.D. VenA S.D. Hean cel S.D.

First 21.6 ± 2.34 21.9 ± 2.47 23.7 ± 3.51 21.1 ±1.45
Second 22.2 ± 2.52 21.5 1 2.03 21.7 ± 2.84 22.1 ±2.08
Third 22.2 ± 3.48 21.2 ± 2.13 26.0 ± - 20.7 ± 1.73
Fourth 21.6 ± .0 20.6 1±L3 22.8 1± 1.1.1 22.0 ±-

Total 21.9 ±2.62 21.5 ±2.23 22.6 ±3.081 21.!7 :t 1.8d5

TABL 86

C2WARISO11 OF D1S7.T3U3TIO::Z BY RAk% OF W07 FrOSTBITE CASES,
455 fL;KER-l4ATE CO:.TrC2L3 ALJ' 7M. U,;IF. STA7`E EIGHTHi KN~Y

KOREA, .951-52

Caes Controls Co. St~rerptih* Eith LA--
Rank o. 0. !o. __ __ _

Pvt. 231 32.7 58 12-8 21.7
Pfc. 279 39.5 168 36.9 50.5 31.9
CPl. 122 17.3 113 24.8 25.2 23.7

* Sgt. 69 9.8 1U3 24.8 21.0 16.4
Co. Gd. Off. 6 0.8 3 0.7 3.3 5.2
Fld. Gd. Off., 0 - 0 -- 1.

Total 707 100.1 455 100.0 100.0 . 100.0

Cases vs Controls: Clii scuare -92.945 df - 4 P <.001
Cases vs 7i~hth ArmV: Chi nquarc - 118.t461 df - 5 P <.C01
Controls va Eighth Ar-my: Ohli square - 63.287 df - 5 P <.001
Controls v,; Co. Strer~th.h Cli suare - 8.109 df - 4 P >0
Cases vs Co. 'Stren th: Chii smuare - 39.!'+68 df - 4 P <.001I

*Personnel of Infantry Rifle Company -T/0 and E 7-17N, 15 Nov. 19510

rUSUT~TED
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leadership. These attributes slhold rationally operate toward

much lower attack rates among sergeants. In Table 86 it winl

be seen that though a significant number of sergeants were frost-

bitten, the proportion was distinctly less (9.9%) than the, number

of sergeants found in a rifle comany (21.0%). Though this dif-

ference was partially due to relatively more sheltered positions

for the upper ranks of enlisted men, the bunker-mate control

sample which included only line sergeants revealed that they were

:.o in identical situations with the corporals and privates. e.g.

pinned down on patrols& waling streams, holding line positions in

unheated bunkers etc. Since only approximately 101 of the ser-

geants in a rifle company are not in the line (clerks etc.), this

still leaves 19; of the rifle coapanies' st.rength represented by -. i

line (platoon and squad) sergcants who have equal or approximately

equal chance of exposure. By another ca!culAtlon involving the ...

cases in line corpanies only and correcting for the strength by

rank in such conplez. it wa3 found that privates and corporals

combined had 3.1 tLmes tha attack rate which sergeants (platoon

and squad) experience.1 (Table 86a). .

The question next arose whether this rank was less frequently

irnmobilized despite the relationship in ti.e and location for the

control and frostbitten sergeants. This is a logical query, for

one frequently visualizes Lhe sergeant of a platoon or squad, on

a patrol, as mov"ng quJckly among his sen appraising the situation

and giving orders. Actually during the Korean experierce of 1951-

52 this concept did not hold. From data in Appendix Table S, chi

square contingency thles were constructed .o show the relatior.-

RESTRICTED
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FROSTBITE ATUACX RATES FOR COMPANIES SUIhumi

ACOORDING 10 RANlK
KOREA. 1951-.52

Rank Strength in - .-.
Cases Cobmpanies Pate/flO0

Pyt. and Pfc. 4o 25452 16.11.
-Coriporal a? 127/01 6.85 "=

Combined kg 81 13.03 .0 .
St.. and Sfc. .0 9526 4.20. .

Tctsa 537 47679 fl.26 .

ship between rank and activity among cases and controls for all

situations whether on patrol or In bunkers. Table 87 reveals . L

no significant difference in intensity of activity between pri-

vates and corporals as a group and sergeants (pins six company

grade officers) who were frostbitten. In similar fashion Table r •

88 reveals no differenre in intensity of activity between lower

and higher ranks among controls. To determine wihether the sig-

nificant difference in intensity of activity observed between

cases and controls in Table 441 was maintained in a rank distribu- . . .

tion, the data were tested according to intensity of activity

among cases and controls for lower ranks (Table 89) and for higher

ranks (Table 90). The same significant differences were found

betvaen cases and controls for each level of rank. It was clear

that the sergeants involved in frostbite ware no more mobile than

the frostbite cases of lower rank. The inference. then, was that

factors other than mobility and relative risk of exposure were .:,.

operative. S;,-- h .
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INIt R;AJW TO ~TTJT OF A07IVlTY DUIUI.G
~(~~EA50mG.0 7,00 CXAZ.: OF FRC3TBITSi

KVUA 1951-52 ~IK~

bitenr.t7 of Group 1 Grou~p 11 Tlotal-

Light 4.53 56 509
!Keavy .2173 is 191
Total 626 7 0

Chi zq~uare -0.366 df -1 P >. 50A

~o:0*AU3t: OF LWdi.! MIL;. '41711 ioGrit ;

KOREA, 1951-52

'Antern3ity of Group 1 flrouz 11 :ota*-a
Activitv * Ra,.ks 7* >'.'

1-1ght. 186 65 251

iPcav'; 153 51 20

Total 31'9 1.16 455

Chi nnixare -0.04S d.' I P >.8CA

"* roiip I ýU:-.kLj - Ntl. thirou~i
.4Group 11 ýLwikr - Set. thru FiI I mde.J (ifficer
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COIPARI30N BMW 626 LOwR RWNK CASES

OF FROSTBITE AND 339 LOWER RANK ,,. 1-
THOLS WITH RESPECT TO rdXMISITr OF

ACTIVITY AT TIRE OF EXPOZURE
KOREA, 1951-52

"Intensity of I
'Activity Cases Controls Total

I!
Light 453 186 639

Heavy 173 13 326

Total 626 339 965

Chi square 30.096 d-i 1 P <.001

Expected number-/

TAME 90

=•'ARISON BE'T 74 IHME rLA. , CASES
OF'FROSTBITZ AND !16 HIGHER MI CON-

TPI~)S WITH RFZPECT TOU INTIMSITY
OF ACTIVITY

KOREA, 1951-52

r-

Intensity of
Activity Cases _ trols Total

Light 56 65 121
(47)

...Heavy is 51 69

Total 74 116 190

Chi square - 7.536 df -i P <.o01

* Expected number

AA.Jmong the factors contributing to this lower incidence among

sergeants was race. Later, it will be shown that Negroes were

RtESTRICTED
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"re liable to attack by frostbite than Whites. Since there were

fewer Negro sergeants in the front line than White sergeants

*~(.3.6% and n1.9% respcctively)s it was reasonable to assume thatKu the contritution to frostbite incidence by Negro serpoants was

thereby relativel. lower. In other words had Negro sergeants been

present in the same propertion among Negro troops as there were

Wl-.te 3eri~eants in pro;ortion to White troops there would haveh

been more cases 6f. frostbite among: sergeants as a whole. Whereas

6.1.1 of the serge~apts among pre-exposure controls were Negroes.%

18.2% of the sergaant~s &-nong the cases were Negroes (Table 91).

Az~othcr factor probably of prime importance, though less measur-

able@ was the attribute of experience. This might be m~easured

by the time spent In Korea and by the length of time in eombat.

The line sergeants w!,o were frostbitten showed no significant dif-

ference in mean tine spent in Korea from the lower r4nk elisted

* ii

* I men (106.5 days and 105.7 days respectilvely). The nonfrostbitten

sergeants were in Korea significantly longer (126.5 days) than

the rnonfrostbitten lower rank men.(103.4 days). The nonfrostbitten

sergeants as a ;roup had thA advantasge of approx:Lmately one more

Month In Korea than did the lower grades. In terms of days in

- . 1 combat which also is an expression or experience. no sibnificant

difference was found between frostbitten sergeants (62.9 days)

I F and frostbitten lower Zrades (52.9 days). On the other hand, among

p. •

controls who were not frostbitten the sergeants showed a signifi-

cantly greater length or time in combat than did the lower grades.

* However. no siop.ificant dirference was noted in the -nean number of

oays in combat between frostbitt~en aad nonrrostbitten ser4;eants.

. RESTRICTED
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This factor proLbaly uocs not influence the disparities in attack

rate by rank.

Other factors such as previous cold injury amng the several

ranks, climatic region of origin. bootgear. sockgear and condition

of the :ecel were tested in similar fashion ahd found noncontribu-

tori to tte difference in attack rate's between lower and hi&.er

grades of line infantrymen (Table 91). The obvious differences'

in incidence of previous cold iz,.4ry, climatic region of origin

and days in com.bat without rest between cases and controls irre-

spective of rank will be discussed later in =ore detail. The

differences relative to bootgear. sockgear, condition of the feet

and interval since last change of rocks betwee,, cases and controls

irrespective o" rank have been discussed pre'vion-sly.

By exclusion of these pertinent factors ar.1 by the elicitation

of some evidence of greater experionce.among hig.er grades, the .

impression was pained. but by no means proven, that the attribztes

leadir. to promotion to higher Zrades such as depen!ability, re-

liabilitys leadership, responsibility and fa.-iliarity with "things

military" may well operate in proiucing a lower rate of frostbite

wnong sergeants even t..ough they were eposed identically wit.

lower g,-rade enlisted .men. It is certainly not inconceivable that

a ser.ear.t. who coixe-, chl-des, cajoles or orders his men to change

their socks, attend to cleansing of their feet w.enever possible,

to keep moving the toes and fin,_;ers as -uch as possible even when

pinned down by enecy fire and to wear proer 'gear for the current

climatic conditions, will rarely neglect to do these things for

htnself especially when he not only recoTA.:es Lheir need tbt --st

RESTRICTED
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also sot an example for his men. These calculations are presented

not so much to alabor rank differences in attack rates but to

illustrate the type of approach whicb may be useful In ultimately

assessing the role of attributes of this type.

It was further postulated that the factors operating in produc-

ing a lower attack rate among the higher ranks would a&so tend

to reduce the incidence of very severe injuries among them. This.

however, was not borne out in separate analyses of foot and hand

cases ..ccordin; to rank and degree of injury (Tables 92 and 93).

C. Previous Cold Injury

Although at least one observer (10) has felt that previous expo-

sure does not influence susceptibility, the clinical impression-

gained in the Diropean Theater revealed that previous trenchfoot.

predisposed the patient to subsequent 5njury of this type. Very

little evidence in this regard has been documented bat the study

of Toone and Williems (11) tended th show the hazard of re-exposing

previous cases of trenchfoot. Some of these cases in the Italian

Czn-paign later were frostbitten but no specific comparisons were

presented for this type of injury. uaring the Korean conflict in

1950-51, 1I.9% of the admissions to the Osaka Army Hospital revealed

bona fide histories of previous cold injury (7). Unfortunately no

information of this type for nonfrostbitten men was available.

There appears to exist little data on the role of previous cold .

injlury with reference to frostbite in the literature.

With the interviewing of bunker-mite and pre-exposure control

subjects in the Korean winter of 1951-52, valuable data on previous

cold injury -were obtained. Both cases ard controls uere carefully

REST-XTED
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:•:..LTI1O• OF D,"n . OF I!:JUP3I 1'0 RA• "hI::"'"'G

KOREA, 1951-52...__,

Derree of Iniurn - Feet '-"______
lik First Seco:A. Thrd Fourth Total

__ _ _:__ .o. ,* i:o. •: ::o j t1o, ,** :.. •,

Pvt. 73 29.6 67 38.1 49 36.6 .16 59.3 204 35.1
Pfc. 101 40.9 68 38.6 57 43.5 10 37.0 236 40.6
Cpl. 46 18.6 26 V4.8 lA 10.7 1 3-7 87, 15.0
3gt. 25 10.1 12 6.8 12 9.2 0 - 49 8.4
Co. Gw. Off, 2 C.S * 1,7. 0 - 0 5 j 0.8

Total 247 100.0 176 100.0 131 100.0 27 100.0 581 99.9 .

Chi square - 20.461 d - 12 P>.05

UALATIO:: 'F DL,?.EE OF I':JIal M RX13K A, ."
la2 J OF F-BI¶:M OF TMX 1IAMD3

KOMhA, 1951-52

Dct-reeof atju."- Panki
21113c First. I : zo:."j i.:ird Fourth Tota

0_:.o. .- __ -o. Z :;o. ,,0

Pvt. 26 30.6 19 25.3 33.3 4 40. 0 53 29.1
Pfe. 33 38.8 24 32.0 5 41.7 3 30.0 65 35.7
Cpl. 16 18.8 18 24.0 3 25.0 3 30.0 40 22.0
51t. 9 10.; 13 17.3 C - 0 - 22 12.1
'7o. C. Cf . 1 1 1 1 1.3 10 - 0 - 2 1.1

Total 85 10.0 75 99.9 12 100.0 10 100.0 132 100.0

"--hi ziuarc = 7-329 df = 12 P >.80
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Interrogated with respect to the symmptoms and signs of previous -

cold Injury. Q(aestioning was directed to elicit specific responses

which would leave no doubt a3 to the injury and in~cluded questions

as to the eivivreiwentg the activity, the conditions and duration

of exposure, the need for medical care and the length of disability.

For example, mere coldness or nusmbess of the part was not accepted

as evidence of previous injury. but a history of swelling with

desquamation or vesicle formatior along with the nmbness had to

be elicited. Trenchfoot and chilblains were included as cold injury.

A statistically siriificaait difference between cases and controls

was found in the 1951-52 experience in respect to previous cold

injury (Table 91,). The cases showed 8.4% more instances of previous

cold injury than did the bunker-mate controls. This difference

became even more imprassive when. titilizinj th~e percentage of pre-

%Oious cold injury among the controls as a projection to the Eighth

Arm~y as a whole, attaick rates for the army population previously

cold injured and previously no cold injured were calculated and

compared. The troops with a history of previous cold injury re-

vealed an attack rate of 5.03 per 1,000 whereas those without such

a history bad an attack rate of 2.58 per 1,000. Fuarther conpari-

son with the pre-exposure controls revealed a similar significant

differer.ce (Table 95). Of interest wss the fact that Vut 1.8% of

thm pre-exposure controls were pire,.!^usly frostbitten in Korea.

Thisi reflected both rotation policy and the policy of reassignment

to other duties after cold injury. In addition 0.6,%9 were injured

by cold In Germany and 0.1%Z in Ireland.
D. Previous Illness RESTRICTED
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TAZ 94. RESTRITD
CMIPAMSOI• OF 664 CASES OF FROSTDXTE AND
447 BUNKER-MAME Q0)IflIL$ WITH RESPECT TO3

HISTORY CF PREVIOUS COLD INlJURY
KOREA, 1951-52

History or
Previous Cases z Controls.Cold Injurv No. I % No. •+.+ ""

None 535 80.6 397 88.8
Frostbite 125 18.8 36 8.5
Trenchfoot 1 0.2 2 0.4
Chilblains 3 0.4 10 2.2

Total 664 100.11447 99.9

Chi square 29.544 df -3 P <,COl

TAMLE 95

COMIARISO!N OF 664 FPMOSTBI'E CASES '"0
1596 P;tRE--POSURE CO:.-rsFLS mv -,ESP=CT

7o HISTo3Y OF PEIMOUS COLD INJUR.
KOREA, 1951-52

History Pro-
of Exposure Frostbite

Cold Injury Controls Cases Total

Uore 1390 535 1925
Cold Injury 206 1,9 (98)M 335

Total 1596 664 2260

Chi square = 15.790 df - 1 P <.001

SExpected number
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DlSTRUTION OF 716 CASES OF FnOsTBITE &,M 445
3J•.OER-]ATE CON,"0S ACCORDIJG TO AISTOiRl OF

PREVICS IMES
OflEA, 1951-52

History of Cases Controls
Previous Illness .o. .'N :Oo. |

Frequent fevers 9 1.3 4 0.9
Pneu.ordia 94 13.1 80 18.0
Jaurlice 1 0.1 12 2.7 .--.

MLlaria 32 4.5 24 5-.
Rayrauds' 3 0.4 1 0.2
SYPWtura 2 -0.3 10 2.2

Syphilis 12 1.7 3 0.7
rone 563 78.6 3-1 69. 9

Total 716 100.0 445 100.0

Chi square 36.726 df• P <.O01

Although inquiry into previous illness of cases and controls was

designed to elicit the several conditions which might affect the

level of the cold hemaeglutinins, Whayne's reference to the possible
fluence or infetious disease on susceptibility to cold injury

led to an evaluAtion of the possible relationship between such pre-

wiOL.s illncsc-es anid frostbite. Table 96 presents a comparison of

selected illnesses among cases and bunker-rate controls. Although

a significant difference existed tetween the two distributions, the

apparent excess among the cases was for a history of syphilis.

Subsequent analyses (see "Race" section below) revealed this dif-

ference to reside primarily and significantly among the NeCro frost-

bite cases. When it is recalled that the venereal disease rates

among the general population are.higher for the Negro, the i.mores-
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,-.1ATI. OF D-- " - OF •JURY OF 589 CAZ-' OF FROSTBITE

* OF Ti*ET ri 'D.A1E HISTORY OF PIIEVusIO U = h~
KOREA, 1951-52

Previous .- Dc--e of -Injury Feet

Illnzess F 1-rMt !;econd Th.rir I Fourth Total

__ _ _ _ .. ... 0. . .. , .O .... ' ..

- -,+ - -,-"., -- , ".o. I .o :o : .o..o % % +

:One 169 74.4 1A3 80.G 10? 61.7 21 77.8 460 78.1
Fevers 4 1.6 1 0.6 2 1.5 1 3.7 8 1.4
Pneumvozna 41 16.1 21 U.9 16 12.2 3 11.1 81 13.8
Jaundice 1 0.4 0 - 0 - 0 - 1 0.2
Mialaria 15 5.9 9 5.1 2 1.5 1 3.7 27 4.6
Raynauds%' 2 0.8 0 - 0 - 0 - 2 0.3
Hceb~aturia 0 - 0 - 1 0.8 0 - 1 0.2
Syphilis 1 0. 1 2.1. .

Total 254[0. 7 0. 3 100.0 27 100.0 589 100.1

'h~i squ~are -19.512 df 21 P >.50

sion is rained tit-at this relationship ma~y be fortuitou~s, i.e. based

on other and possitly numecrous factors co-rwn to both frostbite

and syphilis, rather than a di'rect physiologic relationship between -

the twon. N~o further clue to such a relationship was derived from

an analysis or the data on previous illnesses by degree of injury -. *
(Table 9,).

E. Condition of Patient at Time of Injury '

It is obvious that physical stress of disease producing fatigue

and wounds prodlucinr, shock and unconsciousness may well predispose

to frostbite. In the winter of 1950-51 (7) only a 3=l number

of patients were recorded as having been ill or wounded as a direct

or indirect cau.e of frostbite. It wam mentioned, however, that

this data rid not take into account the many frostbite cases with

severe battle w nds hospitalized elsewhere than ir e Cold Injury

355 RESTPICTED355.
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TAM 98 RESTRICTED
CaJSOH OF 702 FROSTBITE CASES AIM 437
BUNKF2R-M•TE CClfTMIS ACCORDI1JG TO PHYSICAL

CONDITION AT TIDE OF INJURI AMONGO THE CASES
KOREA, 1951-52

Condlition. of Caes Controls
Patient No. i~o. A_0._.

.ealthy 67?" 96.4 430 98.4 .

I1l 33 1.9 7 1.6.
Injury directly
respon~sible for

condition 5 0.7 0
Injury indirectly
responsible for

condition "7. 1.0 0 -

Total 702 ±00.0 437 100.0

Section of the Osaka An. Hospital. Such frostbite 'could well hayei

been the result of such wounds. - W'. $

Unlike the situation which prevails in active offense and espe-

cially in active defense or in retrograde movement, the patrolling

and line holdinrG activities of static defense are riot as conducive

to casualty rates with attendant cold injury of the wounded who

cannot be brought in to shelter and medical care 1-mediatel. ,In

this respect the Korean conflict of 1951-52 differed from the pre-

vious winter. Very few cold irjuries occu.rred as a direct or in-

direct result of battle wounds (Table 98).

F. Nutritional Statu,

Detailed studies on vitamin C and protein levels among frostbite

cases and controls are discussed in other sections of this report

(Sections III arnd r;). N10 surveys of ectual con-,-ption of food

could be undertaken among front-line troops prior to injury. Some

RESTF.fTED
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relatively minor observations were made, however, and these

dealt primarily with type of meals consumed and the interval be-

tween consumption of last meal and onset of frostbite.

For the most part an attempt was made to serve two hot meals

daily along the line. Usually these were breakfast and supper.

Often the so-called "hot meal" was cold upon reaching the forward A,binkers. The .third meal was most frequently C' Ration. Table 99

presents a comparison of the types of meals consumed before frost-

bite by cases and controls. If anything, the controls ate less

than a full C Ration meal or individual food pack more often than 1
the cases and tended to eat fewer hot meals (B Ration). However. .

of greater import was the number consuming hot meals and complete

C Rations and the rare occasions when the meal was eaten mre

than 2*. hours prior to frostbite (Table 100). This was indeed

quite different from the situation prevailing in the previous win-

ter when the lines were extremely mobile and retrograde action pre-

vailed. More than 80% of the cases ate their previous meal-less

than 12 hours prior to onset of frostbite. On the average the cases " -

ate approximately 7.5 hours prior to frostbite and the controls .

8.5 hours. Though statistically significant no physiologic signt-

ficance could be attached to the difference. No difference in this

interval was noted between hand and foot cases, but for both hand "

and root cases fourth degree injuries showed a distinct and signi-

ficantly longer interval uhich may reflect longer axposures rather

than a causal relationship (Table 101).

No exact weight determinations were obtained on cases and controls-L .

either before or after frostbite. Responses to the query on "weirht "

RESTPICTED ,.
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TAMLE 99

COMPTARISON OF 695 CA=E OF FROSTBITE AID 452
BLUMM-ATE CO!LTROLSW~INh IMEPECT TO TYPE OF

H!EAL LAST EATEN BMFRE FROSTBITE
KOREA, 1951-52 . . ... . . . ..

Real Type- Cases Controlst.- 1 5. N. I

C Ration 280 40.3 209 4.6.2
B Ration 3813 55.1 205 45.4
Individualf

food pack 6 0.9 0 - . >
Nlative food 5 0.7 0 -
Leas than C Ration ..

or individual
food Pack 21 1 3._ 3 8.4

Total 695 1OC.0 452 100.0

ChiTsquare 30.099 d" 4- P-<.001

change since co~ring to Korea" proved to be more nearly an IndexJ

of "self-pity" than a reliable index of weight change. The major-

ity of the cases claimed losses from one to n or more pounds

whereas the majority of 'the controls claimed no change in weight

(Table 102). Since these data were based on the patients own

estimate and occasionally involvtei reference to his own subjective

sensation or fit of his clothes. further interpretation would be

speculative. '. •j

G. Fatigue

Fatigue may operate a- a factor contri-tin to cold injurb." .b

physical and mental exhaustion whicl. nay )Jroijres3 to such a degree.

that movement of the extremities, let alone change of socks, is

an effort. Furtheriforeo mental weariness itself may be conducive

to apathy which in turn leads to neglect of aUl acts except those

358 REST..CTED -... 0
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0c.~2Z: 0- 67 344 50-8 oT41.0

7 -12 32 4. 191-52 41

1.3 - IS 69 10.2 58 1.2.8 L
19 -24 26 3.8 21 4.6
25 - 48 5 0.7 1 0.2
49-7"t2 1 0.1 1 0.2
73 -96 0 - 0 0:

27-20 0 1 0.

Total 67 9945410.

,:!ean 7.t1. 8.55
J.D. 1 6.01 1 7.52

t. 2.395 P <.05

TAM1L. 101

EA,1951-52

_______ Feet ________

Dcgree lnt.r 1~crval1 .1'arii:-
of *.of . ;ir-co La~t ! :o. of Since :A.:t

F',r.zt 2391 -.9 :t9 J17. ± 38
-- 161' 5.25 72 e. 2 5.72

Third~~~: 125. 1 .~ .19
Fouxth 2~ 

2  
. ____ ____ ' ___

.o ý 53 7.- ±6.12 t ... 53

0-e r.~. >.60
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TAE.E 102 sit" lotn,

COMPARISON OF WEIGHT CPAN'GE U.N", 473 CASES OF FROST-BITE AND 454 CONT7FLS

KOREA, 1951-52

Weight Cases Controls
Change No. N O.

No change 170 35.9 236 52.2
1- 5 lbs. less 84 17.8 66 14.6
6-10 lbs. less 110 23.3 52 11.9 1 t

11 or more lbs. less 65 13.7 249 10.8 1
1- 5 lbs. more 22 4,.7 18 .4.0
6-10 lbs. more 13 2.7 20 4.4 -.

11 or more lbs. more . 9 1 1.9 9 2.0

Total 4?3 100.0 452 99.9

Chi square 35.564 df - 6 P <.O01

vital to survival. Fatigue is not measured by duration of stress

alone but by the intensity of the stress as wen. As such, this

factor becomes difficult to assess especially when several units

are engaged in combat activity of varying intensity which itself

defies accurate measurement. Since cortat activity In the Korean

Theater in 1951-52 was relatively more stable than in the preced-

ing winter -jid confined to the tasks of patrolling and line hold-

ing in a static defense situation, the duration of stress became

a ccnponent more nearly correlative to the factor of fatigue.

Duration of stress was measured by the number of days spent in

combat without rest. Both cases and controls were interrogated

relative to this factor utilizing any withdrawal from the line for

periods of longer than half a day as the end of the interval. Be-

cause of the combat situation shower poi:nts were placed quite close -

to the front. lines. Rotation to the showers frequently provided

RES?,CTED360 £ ,,t ,,$.-
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"sVeral hours rest and refreshment for the troops. Only where

shower points broke down and troops were turned back to the lines

immediately upon arrival was combat without rest deemed unbroken.

The pituaLion in this regord was quite unlike the experience dur-

,* , ing the previous winter and in the European Theater in 1944-o 5.

Whereas in the European axperience survey data revealed that ?0%

of the trenchfoot cases had been in combat without rest for 8 days

p or more (6). in the Korean winter of 1951-52 only 50.8% were in

this category (Table 103). reflecting the relatively better chance

for rest among troops in Korea in 1951-52.

In Table 103 comparison of-front-line battalion cases and con- .

trols revealed that the cases were in ;embat without rest for a

seipificartly longer period indicating that fatigue may have played

a role. Th.e number of cases who failed to obtin rest, for periods

of a nonth or more was rather suiprising in view of rotation pol- .

*cies, but may, in part. reflect the last drives in Operation Killer

in September and October of 1951. The controls revealed much fewer

Sinstances of longer intervals without rest. In 0icu of the fact

/ demonstrated above, that cases and controls did not differ signifi-

cantly in the length of time spent in Korea and in combat areas.

the only alternative rezaining is that the cases probably did not

avail themselves of opportunities for rest (e.g. to shower points).

P.. Tobacco

The use of tobacco as a factor in the production of frostbite

unfortunrately has been expressed all too oftan on the basis of the-

oretical considerations rather titan on controlled observat,.,.n.

Since smoking hds been shown to produce a fall in peripheral skin
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CT.ARISOU OF 517 CASES OF FIVST-ITE I 3"
AN) 407. CO0;TROIZ W171 RESPECT TO

DAYS IN CU!*AT WIDHOUT REST
M E", 1951-52

Days in Combat Cases* Contirols*
Without Pest No. ... o.

0 -4 143 27.7 73 17.9
5 - 9 11 21.5 102 25 1

10 - 14 64 12.4 131 32.2
15 -19 54 10.4 69 17.0 -

20 - 24 26 5.0 U 2.7
25 - 29 18 3.5 5 1.2
30 - 34 34 6.6 8 2.0
35 - 39 11 2.1 2 0.5

* Ov(•er 39 56 10.8 6 1.5

Total 517 100.0 '1407 110001

Chi uquare - 472.474 df3 P <.001

F From front-line battalions orly.

temperature by peripheral vnsoconstrictiofl. the assumptton has beenr

made that this would be produqtive of cold in -j r-1 a!on& heavy s.ok-

er3. This could not be dem.onstrated for the Korean cold casualties z

of 1950-51 (7) and in the winter of 1951-52 an al:-ost identical

proportion of cases and controls (18.5% and 18.8% respectively)

did not smoke at all. Table 10' presents this data for 1951-52.

To the contrary there was a sir.nilcantly Creater ntuaber of ciga-

rettes con•umed a.nong th-e controls who smoked. The Jata fron the

pre-exposure ctudy reaffirmed this latter finding. i.e. -'ore con-

trols smoked pipes (S.O:) than did cases (3.J.;), controls s-oked

mre cigars than did thc cases and even totacco chu-4ng was more

frequent among controls (5.1..0 .hntn among cases (O-al)oTu it
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Per Da.w :;. - :a. ___

:oe122 1CX5 83 IC.e
-- 112 pa.ck 211 30.5 66 14.9

1 Pack 2-1 34.-9 1-9 40.5
1-1/2 Pack-cr 5:0 ,7.8 54 .12.2
2 p. kn 466 6.7 44 -10.G
Over 2 vackn 11 1.~ 16 2±-

Chi n--,ure 42.87; *r d 5 *'?<~1

can te stattcd wi! safety th.at r.o a;,-ociation. ei d tetween

excessive snkg 'in-, frostitc. Iý 3flyt1:iflc. the associa1tion

fav:ored t!.,: nonfront!.itten cont'ol.

Conpariso:.j of tixe rvnumer of ci.,-arettes ..ro-ol 1-7 foot cases with

t~hat, zLy iano. cases re-caled r~o slgiificant Oilfxrce and no con-

sistent. differences letwoen dcces of in~ur; c.aid 'Le four4 (Tatle

105).

1. Lnler*zent. Ounstltutionial Factors

7he hunt or: .;o-~e simple and universally app1Ica!b1e test to screen

indvidab -~a.'p2.~icto cold has lvcen the taslkof =_sny inves-

Lij;ators or cofl Iinjury. I*1;e di I'l cuatic3 enco--itered are prqhably

du 1b prol 1lem: of def inition artn ::ac-urv.rnt of ete so-called in-

hurnt.~oititt~o~air.,ct~ors ,p'on -d!-.ic1' are su~vFZtosed th-e

zczltiple fcof o tl..± evironz,ýnt.
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RU.ATIO111 OF ' AXJ DAILY ANOUT OF CIGA.RErnS Z'.OKD 'TO DEGREE OF
INJURY AIKWf 567 CASES OF FIOSTBITE OF TIM -l~r AMD 178 CAS~ES

"OF R".OSTBM OF THE H

KOREA, 1951-52

DeCree Feet Mauds
of ':.o. of Mean 1;o. of .:o. of Rean N.o. of

InJury Cases Packs, Scked S.D. Cases Packs Smked S.D.

First 242 0.9 ±0.60 83 0.8 ±0.55
Second 172 0.8 1 0.60 74, 0.7 ± 0.58
Third 127 0.7 ±0.52 12 0.8 ±0.61
Fourth 26 0.7 ±0.52 9 ,0.9 ±- 0.56
Total 567 0.8 - 0.5 17e 0.7 - 0.56

_':. ,1 0. 178...

t -1.225 P >.20

discussions on previous cold injur7, Hlowever, the number of In-

stances of chilbltins and Raynaud's disease elicited during the

builer-mate and pre-exposure control su-reys were exceedingly zss1.

as would be expected because of preinduction screening. Only three

cases (0.5%) of chilblains were found among the 716 frostbite cases.

10 instances (2.2%) awon the 455 bunker-mate controls (Table 91.)

and 1U (1.0%) among 1,596 pre-exposure controls. Because of such

small numbers no intergroup comparisons were made. 11o instances

of Raynaud#s or other vascular disease were found among these

groups. Peripheral vascular abnormalities. other than previous dam-

age by frostbite or trenchfoot were not an Important factor in the

frostbite experience in Korea during 1951-52. -.

Cahrbandt (12) felt that the vagotonic or bradycardic individual

is very susceptible to cold and set a pulse rate of less than 68

per minute as indicative of such susceptibility. Resting pulse

RESTRICTED
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rates obtained on a sample of 118 frostbite cases and for 1.577

pre-exposure controls tended to support this theory. Table 106

presents the findings of tt•is study. There will be noted a dis-

tinctly lower mean pulse rate for the cases than for the controls. -

Zxereas only 7.6% of the controls had .a pulse rate of less than

70. 23.7% of the sample of cases were found to be in this category.

Arthermore the range among cases was mudh narrower (64-92) than

aw.g controls (60-128). This comparison might be criticized on

the grounds that the pulse rates on the cases were obtained in the

reoatively peaceful environment of a hospital in Japan. whereas

those on the controls were obtained in the battle zone. This crit-

icism was not deemed to be significant however since the pre-e.."o-

sure data were obtained primarily from troops in regim~ental or div-

is•o• reserve and only a very small percentage from new replacements. . P

The ideal co=parison would have been between pre-exposure subjects 1 .
sutsequently not frostbitten and pre-exposure subjects subsequently"

frostbitten for whom pulse rates were obtained under identical

con.ditions in the field. Unfortunately there were only two pre-

ex•osure sub.ec-Ls of the 1,628 examined who became frostbite cases.

a situation dictated by chance on the basis of this total number

of pre-exposure subjects.

J. Psychosocial Factors

Zhe host complex includes certain factors which. thouh vital -

to ary proble.-. of stress, may not always be readily evaluatec..

Morale and motivation of tLe group already have been discussed as

a co•ponent of the environment though morale of the individual and

morale of the group are interdtpezident. An attempt was made to . ..

RESTRICTED " '

-7 • .

T !.'-2. ., . .o •.. .



TABLE106 rESTRICTED
Ca-IMAISON OF RESTI130 PMLSE RATZ5 ARITrW 118

FROSTBITE CASES AMD 15777 PRE-EXPOStJRE CON7TOLS
* . KOREA, 1951-52

Pulse Rate Cases Coi trols
(Be-its Per ~4nute) *To. .0

6o-69 28 23.7 120 7.6
70-79 44. 37.3 292 18.5
80-89 4.2 35.6 505 32.0
90-99 4. 3.4 403 25.6

100-109 0 - 199 12.6
10-119 0 - 40 2.5

3.20-129 0 - 18 1.1

Total 118S 100.0 1577 99.9

flean Rate 753 6.8

S.D. ±91 112.24

t - 14.4.91 P <.001

evraluate these factors by indirect means. Othcr 'factors are bow-

ever so-newhat more measurable and these include education and

aptitude.

Certainly the receptivity of the soldier to training and his

learning from experience In combat is directly modified by his

intel~ligence and education. Though the urge or appreciation of

the need for survival may no'. be based upon educAtional achieve-

mer~t or Intelligence level, nevertheless his ability to survive

Is certainly modified thereby.-

Some measurement of these factors was un.dertaken but no dif-

ferences were foun~d between cases and controls. In Table 107

a comparison of school grade com~pleted by a sample of 1114 frost-

366 * RESTRJCTE
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c01*-'AINUMN OF ZM4.OOL GRADE COi-TUT BY ni.1

FROSTMIE. CAZES Alb 1343 PPJE-EXPOSURtE =7XIS
KOR'EA, 1951-52

School Grade Pre-Expomwle
Coerileted Casec Contirols

2 0 -2 0.1L
3 0 -4 0.3
4 0 -7 0.5
5 0 a 0.6

63 2.6 37 2.8I3 2. 66 6.4
a 1 12.3 221 16.5
913 1.4. 137 10.2

10 . 24 21.1 202 15.0 L .
11 15 13.2 137 10.2
12 36 31.6 415 30.9
13 1 0.9 40 3.0-
14 2 1.8 38 2.8
15 -1 0'9 6 0.4
16 2 1.8 2 0.1"- '
i7 0 - 1 0.1 L
91tal 114 100.2 1343 ¶I9.9

rean 10.5 10.1

12 0. ± 1.9: ±1 2 0.9 -'.

t. 1-753 P > 005

bi~te cases and I,. pre-exposure controls is 2.eseted. Bth

distrjlutions revealed a "Im~odality =a:ic lye explained by the

relatively moret frequent. tcrminat ion of rc*-.oo-ir- at. the ei~tsl.

or tenth *:rade levels. Ti~e iiffercnce! lctwci~m 'he two _iroups

represen~ted Lut a fm~ctior. of a j~ra.k :in. waa not Sattistically

sioyifi%:ant. loth groups z1.owc,1 a si~nilar r-o7ret~or' of in:st-'a'.ces

3... -RESTRICTED
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of college years completed. bm

The An7 General Classification Test. scares (hereinafter referred

to as AGCT scores) intended to reveal aptitudes. knowledges and

skills were compared for cases and pre-exposure controls. Aptitude

Areas I and H31 were utilized separately in all calculations. Area

I involved the battery of Reading Vocabulary Tests. Arithmetic

Reasoning Test and Pattern Analysis Test. Area MI includud onaly

the first two named. These were considerei to represent basic

aptitudes and learning achievements so that relative Indices might

be available for assessing ability to grasp and to apply such..

aptitudes to cold weather combat. Since the distributions of scores

for Area n~r were virtually synonymous with those for Area I for

all subgroups (Area I actually, contains Area HI). such as cases*

*controls, race and climatic region of origin of the cases and con-

trols. only Area I will be presented in this discussion. Table

108 indicates the degree of identity between Area I and Area HI

scores In the AGCT among the several groups. Table 1209 presents

a comparison of mean AGCC scores for Area I between a sample of

the cases and pre-exposure controls. The significant differences

indicating the controls to have higher aptitude and knoWiedge (in

this basic area). mus4 be viewed with some reservation for althoug~h

the control group was representative of the proportion of Negroes

in the Eighth Army. it did not correspond with the percentage among *

cases. *-r did the sample of cases correspond with the over-all
'J6

experience. Whiereas 4.1% of the cases were Negroes th~e sampling

*Basic tables and calculations will be found in the Appendix

t..,les 129 and 130.

RESTRICTED
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COPPARISON OF AREA I ACD ALREA III MFA SCORES B8 THE AM GE•L 4', '
CLASSIFICATIO, TEST FOR F-ROS7IITE CASES AUD PRE-EOSUfRE CONTROI.

B Y RACE AIM) CLI14ATIC REGION OF OPJGIIU
KOREA, 1951-52

Are I Area 11.1
Group Mean Mean t P

No. Scare S.D. ,'No. Score S.D.

White Cases:
North* 6 103.5 ±20.04. 104.7 1 19.98 0.101 >.90
South* 20 89.3 17.58 20 88.5 18.74 0.131 >.80

White Controls:
North 347 98.9 ±-18.69 424 98.9 ± 18.81 0.052 >.90
South 579 92.2 16.95 689 91.8 18.73 0.399 >-60N~egro Ca--er: •:..
North 0 - - 2 58.3 -15.00 - -
Sou•r43 7.3e9 14.33 43 73.8 t16.40 0.027 >.90 ft

Iegro Controls: b---

North 10 78.3 12.56 10 76.8 ± 11.21 0.282 >.70
South 178 70.8 12.-46 179 70.4 1.&, 0.326 >.70

l Regions defined in section on "Climatic Region of Origin*. . ,.

TAL•E 109

C01AIRISON OF FShIECASES AM! PRE-EXPOSURE
COUrrROLS WITH RESPECT TO MEAN AGCT SCORES (AREA 1)

-OREA, 1951-52 .

Group 1.o. Yean S.D. t P -'0
Sore

Ciares 69 so.9 - 18.11
Controls 1114 20.7 . 19.25 4.333 <.001
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of eases contained 6~.This is quite pertinent for, In Table ,..

IM, there was an Intimation that Creat disparities 'in AGCT scores ~

(Arae 1) existed between Whites and Negr'oes and a surplus of

Negroes In the sample would thus lower the mean for the f rostbite

ewse group. These racial (and climatic region) differences in

mean A=C scores winlbe discussed below with reference to their

contribution to the differences in attack, rates for the two races

and the climatic reGions. Differences in aptituide& skill and

knowledge may have been contributony to the differences in cold

mother adjustment as manifested by differences in attack rates.

Before dismissinig the psychosocial factors, attention is directed

to the role which the personality may play in the production of

frostbite. In the neuropsychiatric study some evidence was ob- .2

tained to indicate that the frostbite case tendIed to be a passive

Individual. He did not as'often exhibit the drive for achieve-

maet and prestig& as did members of control groups and tended more

often to score higher on the hyp~ochondriasis scale. He was, among

other thijngst more often neg~ativistic. These were all trends based

on the exam-ination of ;ew cases and cor~trols, but-the impressions

were pro-vocative, especially when certain other factors supported

this picture.

lthere are reaidsuch factors as less activity among cases in

identical combat situata~ions with controls, relat~ive inattention7

to the carrying of extra footwear for c~uint;ing when combat con-

ditions perritted, less sinoking; vnon,., cases (the! opposite of tte

tae.se lypertonic cl:ain-smokcr) and the claim, by the cases, of

-greater wei~!-t loss in Korea (self-pity?). Thus. conrormty ~-i
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a picture from .... separate a a... t h...uh nt a .

clusive. and at best only impressionistic, should at last stimi-

ulate further study in this field. Certainly the concept of a

"cold-susceptible personality.-complexW in relation to stress is

not too remote as a psychosocial factor in cold injury.

K. Race

The problem of racial susceptibility to cold injury and specifi-

cally frostbite has, to the present time, rcmained unresolved.

The experiences in past wars of ten have been beclouded by comnpli-

eating factors which prevented the analysis Of the direct effect

of race per se or of the complex of race with its ancillary socio- '
economic attributes. Not only has it been difficult to determne

whether racial differences in attack by cold were due to differences

in tissue susceptibility, but the very1 existence of any differences

* ~~has been subject to questis.n because certain complicating factors.

have apparently contributed Lo the racial disparities in overshad-

owing form. In the Italian Camipaign during World War 11. the in-

4 cidence of trenchfoot amonr, Brazilian and Hawaiian'troops was cited

(6) as evidence, in part. of racial susceptibility. iHoweverv Toone

and Williams (11) state- "that the incidence of trenchfoot among

tht Brazilian troops, firhting the sanie battle xneer identical

conditions, but inexperienced in winter warfare, was at least as

Isijh as ours of the previous3 winter and the ca!,es were imuch more

severe." This does not necessarily Indicate a racial difference

for evidcncs of greater attack rates anong Brazilians was not given.

F-urther-more, as WIn'vne (6) pointa out, newness to combat and inpx-

p,.,rience undoubtedly accounted for a p;nrt of t-his record.
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Th exeineo/h rnhwt eeaeeti~qi ol
War I-sntcera orca ucpiiiy o lmnso

trinn.i. .ne.. . . . . . .,)nl ~is s dfernesI

Whit expderse. As tae porned outh Se hneaes tropst inge weore

Warssigne tot sevclera torgacizain ssheptibcolty for ebeb cofsdee

tainhaing ben wnerxprosed piertonaly wihygiene,-difrnes cobttros

cuThepralnc acroun ad compeelou oter- ifactorydvsio ien oItooly

aefnsd caynotabe acontpted to tainben oveartble hahncdservnge of

frostbite of thifferoupes in taiahssepdtibioty foe nteds unite

wegr Inexporlecd Ward naew tot srcletlyr compaaleto.aa~o h

A hitoe ode~rs. Awasdpointed apouhto t haye. osr begmaoes were

Ifasine toserie fcorgiztos o -landilt het~en cldothbe coie nsdee-

asM aigrop bree exposied. "Idnticrallyurith f19nt-51n comba troops.

ofrae eisperities of attcompletels wegre noted divisioneer &Ita-

alsoug cano begraepietfprted shaigben oemsarabe arende servingas

alWiergmnsthrwanoevidence ofa differences in rca ucpiii7 o hsui

moase nxprienceind netivtion cold ineathverdcd bat.eittten

Athoem nicrold hadeuae approache for the differencwes mnadetonk

ifte ralltshber fhantorue ofacialucetbility. Oe n the othier hand.*

soer evioeps aore reualaized dinfforenae duringe i9nthiso Suggesto

ofdy Ine dispaeritimetliies ind attagrraes were adoted (726owvra-.

t1e) whic moung 16haves accunted fror thes direnes nt attOacka
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g2.6% were Negroes. This is highly Suggestive of a real dif-

ference since iixture of the races was often down to squad level.

thus holding combat activity, locale, environmental temperatures,

morale and leadership factors constant. However there is no evi-

dence that this race difference was true f9r all the. units in the

1950-51 experience since only about half the injuries were evacu- . ..

ated to Osaka Army Hospital.

It was not until the winter 1951-52 that this factor could be

studied in relatively more controlled fashion. The application

of bunker-mate control studies, the static defense front with its

relatively uniform combat activity and the concomittntly greater "

opportunity tAo appraise many more factors alone the front lines

made comparison "between the races more favorable. Furthermore,

Nlegroes were utilized as comabat troops relatively more uniformly

and admixtures were universally down to squad level. Thus the

physical and socioecnonimc environment along the battle front was

deemed cciaparable for both races. There was l ittle evidence of

discrimination observed by the writer or at least any prejudice

was at such a low level as to be imperceptible. Data for all cold

in.ury cases were available since all cases were evacuated to Osaka

A•my Hospital in 1951-52.

Althcugh actual N:egro troop strength in the United States Eighth

Arry in Korea was . .4% the over-all percentage of Negro cases of

frostbite was 40.61 (Table 3). This disparity was further empha-

Occasioa.3lly. srpads of riflemen ald mortar crews were in
charge of kgco corporals and sergeants for whom. respect trans-
cended the pure relationship of rank. Bunker-mates were fre-. ...
quently mixed and the relationship lacked elements of discrim-
inati•n in the face of a counon enemy. .°.'.'.
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sized among the individual combat units (Appendix- Table 9). Even

in those units where the percentage of Negroes was low the pro-.

portion of Negro cases was high.

Further analysis of the data utilizing racial strengths at the

several functional levels (Table 110) revealed the same dispro-

portions. For trhe Eighth Ar=y as a whole, whereas the Whites

constituted 85.6% of the str'ength, their total attack rate (en-

tire period) was 2.10 per 1,000 as opposed to 8.65 per 1,000 for

Negroes who represented but 14.4% of the strength. For troops

in divisions (distinct from army and corps support) Whites con-

stituted 91% of the strength with an attack rate of 3.97 per 1,000

as cotzpared to Negroes -with % of the total divisional strength*

but an attack rate of 25.91 per 1,000. Calculations at regimental

levels revealed Whites to have constituted 90.1% of the total

regimental strength and to have had an attack rate of 5.80 per

1,000 while Negroes, representing but 9.9% of the total regimental

strength, experienced an attack rate of 35.86 per 1,000. For the

Eighth Army the White to Negro ratio was approximately 1 to k and

-at divisional and regimental levels 1 to 6. (The total attack

rate ratios among the several echelons, irrespective of race, are

noted to be approximately 1 to 2 to 3; a reiteration of the find-

ings in Table 5 above.)

Although the distribution of Negro cases by site of injury was

virtually identical to the distribution of the White cases (Table

111), the Negro cases were more frequently of more severe degree

than were the White cases for both foot injuries (Table 112) and

hand injuries (Table 113).
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TO RRARITE 5)'IE FIW

KOREA, 1951-5?

site. Vei' Whitop
No. No.j

One hand 12 4.2 2,7 f4.2
One foot 28 9.9 32 7.9
Both hands 32 11.3 37 9.1
Both feet 177 62.3 256 63.1
One hand -One foot 2 0.7 1 0.2
Bot)' hands - Both feet 23 8.1 34 8.4
One hand -Both feet 5 1.8 11 2.7
One foot - Both hands 1 0.4 4 0.9
Others 'ears, noge)- 4J 1. 14j* *

Total 284 100.1 406 99.9

Chi square 6.619 df 8 P >-50

TABLE 112

RACIAL CaTARISON OF DEGREE OF INJURY AM)NG 589
CASES OF FROSTBITE. OF THE FEET

KOREA, 1951-52

Degree WJhite iseeroj mon ian Total

First 164 47.5 87 36.2 3 75.0 .254 43.1
Second 109 31.6 68 28.3 0 - 177 30.1
Third 58 16.8 72 30.0 1 25.0 131 22.2
Fourth 1J1 J4.1 13 5. 0 - .27 4.6.2k

Tot'al 345 100.0 240 99.9 4 100. 0 1589 100.0

Ch. square -16.413 ci! 3 P <.001
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RACIAL COMPAXISOTN OF DEGREE OF IIJURY A1MOMl 1%1
CA.SES OF FROSTBITE OF THE HANDS

KOREA, 1951-52

Degree of White terro Monpolian T otal
Iniury 70.II %o ~ No ~

First 58 54.7 27 36.0 1 33.3 86 46.7
Second 371 34.9 36 48.0 2 66.7 75 4G0.8
Third 4 3.8 9 12.0 0 - 13 7.1
Fourth 7 6.6 3 4.0 0 - 10 514

Total 106 1.00.0 75 1100.01 3-1100.01184 200.0

Chi square- 9.839 dm3 P <.02

Do tAhee very obvious and real differences in attack rates and

severity of injury denote differences in tissue -susceptibility be-

tween the races or do they represent *dif ferencer. in cultural back-

ground and implied socioeconomic differences with resulting dis-

'Parity in aptitudes* receptivity of training a_-A experience? Do

these differences represent plyysiol~ogie variations or 'are they

manifestations of a different host-environment relationslip?

To attempt an~ answer to these pertinent questions it was d eemee

advisable to explore all the attributes or factors for which data

were available. Each factor was analyzed with respect to racial

incidence and compared with the correspondini: control data. The

following may serve as an example. Since the 'le~ngth of tim'e the

individual spent in combat without rest see-med to be related to

the incidence of froztbite, this factor was assessed for racial

differences to ascertain whether the racial difference coul1d have

been due to an excess of N:eg-ro cases with more timne on tha battle

3771 lU



/'
4

RESTRICTTJ

Ibie. Or. for exatple. since cases as a whole carried extra

footwear less frequently tiAn did controls, did the ?I~ero cases

thew a slinificant deficit in this category too account ror a higher

attack rate among them? A third example. whict. should suffice to

clarify the approach. u~d involved the factoor of previous cold

injury. Since previous cold injury for the cases as a wiole

appeared to predispose to frostbite, could the excess incidence

among Negroes te attri'Wtedo, in part at least, to a chance excess

of individuals with previous cold injury among th~em? These and

other factors for which data had been collected were examined in-

this wa7 and are prescented in sru.=ftr1 in Table 11A..

1. rean A.e

The r'cg;ro cases were fo-and to be 0.4 year3 youngrer than the

.iite cases. Thourb st.Atistically 3i~mificant. this dif,*erence

was probably of no pLysiolo~ic inport in t.!.!s age uroup. Con-

tributing to this difference was the Creater number of sergeants

(and hernce older e- ee) asinc ite cases Qwich in tarm reflected

the Greater nufber of e ly -te dried ants than Ner~ro seroec'nts alsre

thwe front lines as meztloned earlier in the discussion on rank.

Asiefrom pysioloaic cons ide rvtionse if aco e were to It con-

sidnre e a reflection of experience in coasat in Korea, the

su•sequent edata in Table 11ot. tend to reveal the oprdosite, for

the ae'ro case was found to have been in Ko: o et one nth lonGer

on the averese t ean the inete case.

he ic tables for these calculations will be found in-

AF-perdlo Tables 10 to 37 inclusive.
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TAMEE 11.41

£II'AY OF ANALMSS OF FACTORS TESTE m
RMATION: TO FRWTBITE IN. Wk&D W n=

KOIVA, 1951-52

Pa- ,Test of "ignificance dt P
Item hite :;evro "__•_.

3 ean ace (years) 22.0 21.6 t - 2.352 694 <.02
41321An - ý a 29.616 4 <.CO1
Typo oa residence Rural Urban - 1.321 1 >.05
Days in Korea 93.7 120.9 t a 5.779 681 <.001
Days in combat 46.2 62.6 t - 4.704 670 <.001
Days in combat without

rest 16.0 16.6 0.515 656 >.60
Previous cold injury "-5.413 3 >.10
Previous illness -

(syphilis) ? - AAM 2..86 7 <.001
..oking (packs) 0.8 0.7 t 2.7452 556 <,01

"Nours since last mel.-
before frostbite 7.9 * 0.4.43 661 >.60

Content of last meal - * 1 4.621 4 >.30 -
Foot~ear worn - X2 3.120 6 >.70
Extra footwear carried - 2 * 1.420 4. >.80
Averai.e chan• e of socks

(days) 1.5 1.7 L 2.234 552 <.05
Average chatZe of

insoles (days) 1.3 1.5 t * 0.92 258 >.30
Last chante of socks 1.1 1.2 t , 1.692 563 >.05
"SocýGear worn 4 - 12 - 21.050 6 <.01
Socý;ear-Footrear Cm.'b:

cor.strlctive # X2 0 0.634 3 X-80
Inade,:ate inttlation - X2 - 3.195 4 >.50
Cot-Aitoron of feet (drq) X* 2 - 8.163 4 >.05
L'ir.ear worn (gloves) X- 2 - 3.949 6 X.50
Cornition of hands (dry) X* 2 - 1.956 3 >.70
Activity X- 2 . 10.170 8 >.20
Averare rdnimun temp.

of exposure 11.7 13.8" t a 2.150 620 <.02
School rr.ae completed 10.7 10.3 0.911 U11 >.30

'rnoval 1;yriero + - x - .3-905 2 <.001
Duration of exposure

(iour) 6.8 6.3 t - 1.21,6 618 >-20
ACCT score Area 1 92.55 73.2 t - .584 71 -,.001
Ar,'? score Ar,-a III 22.2 11.2 t a 4.16 71 <.C-01

. X2 - ch•i ,,uare
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2. Rank

As mentioned above and dem~onstrated in Table 91, the dis-

parity in rank between Negro and White cases can readily be

explained on the basis of fewer'Negro sergeants exposed to

risk. The actual n"bir of sergeants among '•hite and Negro

cases was actually not sigificantly different from that ex-

pected on the basis of percentages of sergeants in the lines

(3.6% and 11.9% respectively). Hence rank differences cannot

be sold to have contritbuted to the over-all difference in

attack rates.

3. Type of Residence "- -

This information was designed to test possibly greater u-s-

ceptibility to cold among city dwellers. Although the NeSro

tended to come from urban areas more frequently, the difference

frm lgite cares w.- s not sigilficant.

D.. ays i, Korea and Days in Combat

In each of these items the Negro cases showed significantly

longer intervals than the Wdhte cases. This was entirely con-

trary te what would be expected if the greater Nero attack

rate were due to relative lack of familiarity with the terrain

and climate and to relative lack of ro•býit experience.

5. Days in Combat Witt.out Rest

No dtiffrence between Wite and fleero cases was observed in

rerard to Lhis fActor in fatigue.

6. Previous Cold Th.ury

A3 tUolgh the N'egro cases r~ave a history ,,of previco.s cold

injury oacewh.at less frerently th:an did tVe ".i:te cases, this

380 tVCE
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difference Was not round to be sginIficant.

7. Previous Illness

As was pointed out earlier the di/fferer.ce toetween the Wh•ite '"=

and acgro cases of frostbite with respect to Uistor7 of pro-

vious illnesses r:'Aided almostt entirely in the groater nu.*er

of cases of" sny-l', s among tJ.e latter. MA siM!1•frce of

this f'ndine in rerard to frostbite was rot at all c€ear ,An

=ay zerell- reflect the obscr'-eo concomitant hi6.er lneldence

( of 3y:hl]s in this race.

.8. &3okine

The Necro cases snoked soie'what less t!i. did #-he W1.t.

frostbite cases. Altl.ough, statistically sijo.tifants the dif-

ference wAs rather small rnt! its 1:.ysiolo.-ic (or ever. psyelo-

social) sij;difcance was ?.thhy arecul-ti.e. If the &-.ur.t

of wrokine is at all characteristic of a permor.&Uty tye..

as proposed above under psyc!.osocixd factors, tLec Nearo would

Len to fiL this catevry.

9. re or Peal Fatten ,nd Interval tVecore Firosttite

Vo sl#;1fican't uiffervrr.cCs were notei letween Ne,;ro and V.-.:tt

casea with rtspect to t.e ty;pe or meal last eaten tefore the

unset of frostlite an~i the lenrth of t1- Interval between the

Meal and the otaset of the cold inJury. Actually. the ?:egro

Cz.ss tended to have a warm meal slighti7 vore o.'ten -t-an did

t..e A4lite. Th.us these factors were not de-eed contrtuto-i;

to the race difference.

-10. W",otr •orn at TL-.e of Injury

If the r,•lal differrence in attack rate %"v at 11cast. Fpa-
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tially due to a proportion~atel~y greater number of Negroes

wearing impmoper bootgeart this certainly was not. shown, for

the Negro Cases wore0 types of goar almost Identical to those

wornI by the lEifite cases.

n. Extra Footwear Carried

Since it Was shown earlier that an association ewdsted be-

tweerin the carring of extra footwear and frostbite, a racial

comparison was msade tut no significant difference between

Whites and Negroes could be round. In fact the distributions

among the two races were a•eo-ost identical.

12. Average Change of Socks and Last Cange of Socks Before

Frostbite

The White cases Clained to have chan"ed their socks on the

average once in 1.5 soa s weich was also te frequency noted

by the White a nker-r•no -ontrols. The Ndegro cases changed

their socks once in 1.7 days as comdared to once in 1.5 days. -

for the ?higro bunkcr-maate coro.rols. This would lead one to

assumze some contritution by this factor too the greater Negro

"rate. The more pertinent item would appear to be the inteival,

since the last chanee of socks before frostbite, but in this

regard Whites and Negroes were virtually identical.

13. Average Change of Inooles

Itere, tOO, no 3tatiSt'CAlly s1irlifcant difference was noted

between b4.ite and !ciro cases of frostbite nor were di.ferences

observed between the respectiva cases and controls.

14. Tyrpe of S3ockrenr Worn

Althoue h White cases showed a si, ficantly greater number . 4
wearing two pals h of ski rocks, e iteo of socsti ear taken by ' -t

1•. ~~~~Sw Avrae hMo ofItoe
4-..'°•

Her. oo n ntti.3-62l itfcndiereneas n~oted

betwen ,iteand:,'e-rocase o1 frstbie nr wee dffernce -
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itself was of little si~pificanc.. 2t~s role Ua frostbit.

production has been described under clothing mdthe sig--

nificance of certain constrictive or inadequately insulative

combinations noted. In assessing racial differences these

combinations r=zst be considered. Thogab the dAdte cases

tended to have more instances of constrictive combinations

and the Netro cases more instances of inadequately insulative

co~mbinations, o r0 1tifteant differences were found.

15. Condition of t'-e Feet and Hands

Alt~ousgh no Statistically 31rif~iiCant. difference was noted.

the Vejcrc cases zo:. fr'eqlently bad dry feet at the time of

frostbite or the feet than did the *I-te cases. Thi~s same

relationship was noted for the hands among WAto and NZegro

cases of frostbite of the huIns. Trhus for the Negro the con-

dition' of the feet and hands was not necessarily more condlucive

to beat loss tI.an the hite. To the contrary, tbe White Cases

were at, somciwht greater risk in this respect.

16. flandeear 4ont

Do~ distri~utiorns of type of handjgear worn tf, *wite and Negro

cAses of froztbite of tt.e hands u.ez~ virtually identical.

Approl~nately the same proportion in each race-wore Inadequate

haildcar at tthe time of ini-ir7.

17. ActivitY

Since case3 as aWt.lol- Irrc±r'cctive of ra.ze, were round to

have tev r.!1aU-ic esyhs no, lie M.~.= their lhtnktr-t:ste con-

troI3 uinder ji,,-ticil ccCAWOiA Ofl~o c0-cIcAt tn,'o~A''t it was

or lto-trest to elicit racial uiffr'.r.ces if they exi*'Led. Al-
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though the White cases tended to be somewhat more active

than the Negro cases this difference was found not to be sig-

nificant.

18. Average KIM=~ Temsperature Thsring Exposure

A distinct ar.d statistically '%i~ificant difference in min-

imum temperatures during exposure was noted for White and

Negro cases. -she average .uininizs temperature during exposure

was 2.1 degrees (F) higher for the Negro than for the White

case. This fir-ling was of interest since it was contrary to

the situation wh.ich was productive of more frostbite. A rind-

ing in the opposite direction could I'ave explained th-e racial

disparity, for if the Negro were exposed by charice to lower

temperatures, !he should have had more frostbite. The finding

of higher temperatures of exposure for Wegr" cases is especiall~y

noteworthy when It is recalled that the Negro not Only had an

incidence disp~mortionate to his strength along t!,e battle

line but also had 'a -higher incidence vf severe injuries. This

factor, rather than expl~aLning the racial differerce, merely

accentuates the disparity. Whatever was operative in producing

a greater Incidence and severity of frostbite among Negroes

must do so by -ov!rcomlng opposing factors as. for example,

higher temperatures. more experience as would be measured by

days in comsbat and somewhat drier hands and feet.

19. Iuration of Exposure

Since chance could have dictated a longer mean exposure period

for the Negro it was dece~vd advliable to compare his duration

o f eyposure with that, Of the White. No sioitifcant dirrerence

364
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between the two races could be found in this respect. In

fact the White cases seemed to have !een exposed somewhat

longer than the Negro (6.8 hours and 6.3 hours respectively).

20. Personal HTygiene

This factor has already been mentioned under wFoot Fiqgene--

2bove. It should be re-emphasized that the higl4y sigificant

difference between Whites and fegroes was based upon observa-

tLions primarily conducted on pre-exposure controls. Even

presuming that bias were not involved, the findings among the

controls cannot be projected to the cases, for the White cases

could have had equally poor hyZienic practices and thus infer

a relationship to frostbite for the group as a whole rather

than contributing to the difference in racial attack rates.

21. Scbool Grade Completed

No A3gificant difference was found between the two races

in respect to the number of school rrades corpleted. For

purposes of the ensuing disocussion, attention is called to

the fact that this item does not take quality of education

into account.

22. AGCT Score.

A clue of major sigificance appeared to oe the AGCT scores.

for a highly significant difference was noted between the Whites

and Negroes in Area I and Area III. The difference represented

one whole grade* below median value for the Negro and may well l -

indicate a distinct difference in Lasic aptitude and knowledge. . V

The reasons behind this dirfereuace are beyond the scope of this

SGrade IV as cor-.partd to Grade III on a five grade scale
with Grade I highest and Grade V lowest.
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report. It should be remembered that opportunities for

education which not only involves total exposure to education.

b ~but its quaslity as wells may be at a lower level for the Negro

especially when go many of the cases come from Southern states

(sea Wdliinatie RSl~onsv below).

Of Isaprtance to the problem was the relationship of these

0 ~presumatly lower aptitudes, skills or levels of kniowledge to

frostbite. If the low AOCT score denotes less capability to

cope with survival and conort in nold weather combat, this

factor should bear a relationship to certain Items of training

and orientation. Such itios include the wearing of proper

K~j sock and bootgear combinations. carrying of' extra footwear.

changing of socks., constant maintenance of mobility under con-

ditions Of severe exposure and thta execution of rieasures of

good personal byciene to the ext.r: t that combat conditions

pcrrt.t. Almost all of these items revealed no racial differ-

ences of significance except for average change of socks which

* has been discussed above and personal hyjgiene which vas subject

* I Jto reservation for it was based on control observations only.

I Ihis epide=iloi study does not pretend to have explored

I ~all the factors wh'ich maky cont~rihite to the rarial difference

* Iin attack rates of cold injury, nor does it clabs to have ex-

hausted the many facets of the factors studied. Though~ the

observed difference in aptitude scores as measured by the. AGCT

was a tenpVting answer, the collater~al evidence to s'apport. this

theory was 1ACkinrg. One or two related actors te"4 in fact

to be in an oppb0 1 nt; direction. 'nit; hyp'oLhosia cannot. how-
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"adever. be dis ased tor accurate measurements toucd not be

' made of certain attributes such as the wky the respective

groups ware thtuir body, elothinC (general body cooling). the

impositinn of self-d!sciplin:e the earliest educational back-

grounds and personality traits and behavior patterns of the

two aroups. Survival in cold weatler combat may be predicated

Smore upon prtsItive intelligence than upon cultural and in-

'. * tellectual achieveaent for existence in combat is at a rather

4 primltive level. ,tkevertheless these Tactors appear to be the

avenues faor future study in delineating contrithions to racial

dir@•raenees. Until the psyclosocial Tactors are quantitated

or at least .ore nearly adequately appraised the valldity of

*..- •this "tothesie riout te held In abeyance. As a j..Actical

* -aaure, towever, and rfotgiziin, the ?et;ro as tr.in;, at greater

risks unit c€...r-,nAdrs reronsitblc for col.1 w•c•ther orientation

and training mist ee.t:asize the factors of hyCietep ,obility

and proper wo,,rnj* of •ear to the ?teCro to a Creater de.ree

to overcoe ttis dlsrrity in vulneratility.

""TIe dat-. pre~entat tlus far 0* not rvfute the ;ossibility

of differences In true tissue ousceptibility operating in con-

junetion with tho mlIfylnt, p.,.ycho."oe1l factors.

Although no e-iLence within U.e fr,.-.ework of tdjs stULY ies

been presentCr in bet.alf of a ti:o-ie uýsnce;,tibill"y h.'!oheVs,

the lack of s-irlftcant rclAt dJiffreice3 x-on:- the several

factora w•ich ut.atld !haie been inflater1 i t e At) o A ores

-%.ke2 the refltattlon of rich at hy1-uthe,-ts OJi(lcult. Its

corisideoration is tempting. whon there is al-to r#c.•lej tl.e
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inordinately high rate among the Ethiopians. although factors

of combat experiences cold weather training and hygiene may

have contributed materially despite their acquaintance with

cold weather in the mountains of Ethiopia. Of some interest

In the support of a tissue susceptibility hypothesis are the

observationi in the monograph of Kristian Stray (13). Nor-

wegian ski troops in winter maneuvers were stUdied carefully

by this author who found that dork individuals tended to

develop frostbite of the ears and face more often t,.;An blonde

indiviUals Wen exposed to virtually identical circes•tnees.

Alttoi.h stitistical tests performed by the author showed no

sipgiticant difference, trends were apparent and the severity

of the lesionp appeared to have been greater and to have oc-

curred earlier in the dark individuals.

L. CI'aatic Reion of Orcein

Aecliz;atz•kion to cold has become the subject of a voluminous

literabtre. 'Me ability of certain races Indigenous to cold

regions tz adjust or a,,pt to the extremes of their environment

has been the topic of discunions by explorers and physiologists.

The confusion in terminolor-r has likewise grmwn &pace so that it

is deemed relevant to red"rine ac¢clnimtization and accustorization.

The dictionirl defines acclimatization as whsbituation to a ell.ate

rot native to the indtividual". -eAu usAe has predicated physiolo-

Sic chares in the organii ns criteria of aerlimntizatlon. The

coiproa-sini: addition of clothing as one proceeds from the tropics

to the arW.c is not acclr.nt1litLion hit an nM:%pttion t0 environ-

,-ental stress. Ikw-.,ver, tre uie of fewer Lyero of clothing as
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one continues to live in the cold as described by Blair (14)

and the increased performance efficiency may represent true

physiologic acclLuatilation. Adolph (15) claLied acclimratization

*In anloas and cited increases in mean resting oxygen consumption

as physiologic evidence of such acelimatization, but this author

denies accl atization in man. A sunmary of physiologic evidences

tending toward accllmtization in man has betm reviewed by lark

Accustomi:ation does not involve physiolo•ei changes but rather

behavioral pattern chanres - a Olearninc-to-Iive-with-thc-culdg

as It were. A &Suanese soldier transported to a subartic environ-

Szent and Civen Clove3 miGht not raeember to put hid g~lxves on at

first but would soon reacha for them to keep his hands wam. A

lester contrast may to repre3ented by an inexrerienced artic ex-

plorer who soon le3rtis to wear the necessary nivaber of layers of

clothing in -40" 1. cold.

The evidence for accliAtiation on the ,Iads of initially high

plgeakIn of incidence with the first waves of cold weather In the

Korean experience (8) was rather tenuous and has been mentioned

briefly In this report. Since it was difficult to separat. the

Intlurr.ces of lack of .deqtvte boot.v.ar anI cO.-.at activity in a

qiantLtatively sat, tractive f,.ihton, it wrs virtually l:-posslble

to sn:y t.hat a re.-idual effect r--.hir:cI• va2 due to lack of

aecclimatlzation wronr, a ,;re.at.r nuxter of suat,-ptitlzc. _t the? out-

set of the 3C1o0. The hyIotthels on tie other hanut -:.=not ve

refuted for tM. ,•r, ra.:on. 1Me severity or inury w'uld tbo sig-

nificwritly grrat,.r at the oaitset anJ then I.crect.e if.- all othir
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factors being~ constanto. acclimnatization processes were it work*

Although frrois Fijiare 2, presented earlier,, the flovetber percentage

of thild and fourth tegree, injuries was root signiificanitly greater

than those in December. the difference from those in February was

marked (31.3% as cotnrared to 16.1% respectively) and statistically

significant (3.6 3.3.). This finding was complicated b~y the pro-

gressively Increasing issue of the now insulated rubber combat9

boot which was discussedI above. 7hus the search for greater evi-

demoe of acclimatization kad to proceed in other directions.

The question naturally arises wh&ether troops originating from

northern climates are more acclimatized (or at least accustomized)

1' to cold than ane troops from southern climates. In 1950-51o Orr

and Fainer (7) presented incidence diat~a on the basis ot geographi-

cal origin of 464 frostbito cases. They divided the U~nited States

into four regions according to the avera!:e minimum temperatures

of the respective states and found a greater percentaee of the

sample to have corae from the warcer states. Unfortunately, no

dats. of this type was available for a cross section of the front-

line troops who were no. in-urcd t. cold. Thris, the values presented

could haye reflected * ereiitor nii.,br of troops in Eighth A-ry from

these souttecrn regions.

ThYe 1951-$2 data included inforantiofl on state of origin of tthe

cases az well as of bnrker-flat* and pre-exV-.4re controls. In the

Interyivw the stAte iri whi1ch the infantryntan spent the greater por-

* ~tion of Pis life was recordedi. In the pre-exposure study the states

in which the 'rant-lir~e riflemen spent the second And tt~ird lonrcst

periols of l;..Ir livez here atzo recorded. This latter data were
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1sed as an index. of mieration between reolgmn and revealed that

approximsately 80) (of 1.628 pre-exposure revntrols) either never

left their reooon of birth ore If they mved fron the retion of

their birth, they did not leave Ute general climatle one (i.e.

northerly or southerly). ThAis, coupled with the fact that where

migration did occur the state of longest residence was-utilized

in the subseque, t ealculations, uinloi•s" the factor of migrotiot

as it aiIrjt affect either accllaatisatl c or accustomization.

The same ,roupings of states were utilized as in Orr and Fainerts '

study. The source of the Jasuar7 miniumi temperature averages was

the United States Department of Comerce Viather Thareau (17) and

Involved temperatures rectirded for periods of as lon; as 79 years.

The temperat-sre for the state was derived ty calculating the ,

simple average of the readings at all the weather at.nions in t1.at

state. Sinee such stations, with tte eception of one or two stites.,

are more frcquentl7 located In latrer centers or population within

the state and since %elective Ser:lce rrocedJres draw more men !r•m

more highly poy4Iatcd areas. the simple average ralther than a

weiighted mean was considered adequate for L'he pu.-rose.

T.e states were tlen ,.ouped artitrarily into :'ir 1asic regioos

as Indlcated in FiguSre 12. A fifth reeion was included to account

for lHawail ard Puerto Rico a& vxtrA-continmntil areai of the United

States althIo•'i, tt eU r itdrn .January twwertutres f••1l, ly de:'in-

itiono Into le,.'on IV %te,-4xeratore5 of ever 150 F.). ALithoue

calculation! wr- peror-ow for ,ach r. e or T -or,• or te.

;,r.aly~ls oI irnti:i..uatl fJt.ctor.I were aae tueter. :.o;errr. or col.e.r

zone. (': 1 ari, II) ,us.o-itl.ni or wamer :o.ca (.•,'iton III,#
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IV and V). It muat here be emphasized that reference to torth

and South is purely on a climatic basis and not or political or

socioeconomic bases.

Table 115 revealz the fact that, althotlk more front-lune troops

came froc southerly recior.s (as Judgedl by the pro-exposure sample)

and =re bunker-mate controls astdIarly Care from these reglodrs,

the excess of cases of frostbite over the expected fro= the South

was hiLhly significant when coMpared %a either control. Utilizing

the pre-expouure sa-ple as Indicative of the states of origin of

trocps in Korea in 1950-51, the cxw significant excess of frost-

bite =aes from the South was fowd. t
Since distinct differences In the race-u.peeific attack rates

were found, the influence of climatic recior. or origin upon attack

rates among t;erroes andi Whitea had to be examined. V:ecro cases

were separated from White cases a-id each cortpored by chi sluare

cor.i.rency tables with the re.pective racial bWnl:er-mate and pro-

euqosure controls. Both terto for the riegroes failed to show

.a7 regional differences (Appendix Tables 33 and 3). However,

co.i;arisonz for the Whiter revealed highly -lgr;ificant excesses

of ZoJthern cases over the exp.cted according to the control dia-

tributlor.s (Appernlix Tables 40 ar1 41). With ther•e differences

in r.:xl, relative attack rater were calculated for White and :,'egro '
rp

'aiccorn'r to cliri-tic region and co-pared to the Northern "hitett.

Table 116 prerenta the data accerdice to race arn region or origin

and utilizer the pre-expowure *:riple for regional distributionr of

the ElChth .r!-y. it can be seen that, havinu, equalized the care

* rate accnrltir•g to "tv. rercen:tares of race ard rer.gion of origin,

393



--. - . -. - - . . - -- - - .. s- .. po . .-

o ,.

1AMfZ 115

--CGA .JS011 OF 701 Ck= OF FOTBITE, 452 EPIDEMIOLOOIC
* ~~C&OZJLS AND 1359 PRE-EXPOSUIR COUT1=LS 11ITH MSFWT

TO CLIYMTOLOGIC REGION OF ORIGIV
KOREA, 1951-52

Cases EptderdIolooic Pr-F.xposur
Region Controls Controls

___ _ tro. ,0. 1% 1:o. -

1 22• 3.1 39 8.6 221 9.9 ","'

11 5 16.4 117 25.9 329 24.2
111 281 40.1 148 32.? 604 4..
IV 228 32.5 100 22.1 275 20.2

Total 701 99.9 452 99.9 2359 99.9

C"hi square 4- .653 101.464
S<.00101

florth (1I,1) 137 19.5 156 .34.5 40 33.1

•out, h tlllI.IV) 5A 60.5 296 65.5 909 66."
(523ý'

*10
Chi -square - 32.490 41.789

P - <.001 <.0• '

Expected on basis of Epiderdoloe|l Cot.tro•s
SExpected on baris of Prc-fErpomure Controls

.394 D
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KRA 1951ieu.52

11

%in Eighth Army 11o. Adjusted "Risk of

4

Region and Race (a) of Cazse ?ato Attack"
(Pro-Exposure Sample) Casies (b x) Ratio$

Northern White 32.6 113 34,6.57 1.00 3It
4Southern White 52.8 25 558.73 1.612

&"ortiern ilegro 0.9 24, 2W6.66 7.6941.3
Southern !:epro 13.7 262 1912.1&. 5:18

Total 100.0 6% -..

ratio* of risk of attack for both race and region were obtained.

With the Northern White adjusted case rate as mity. the Southern

Rhite appeared to te 1.6 times, the Northern Negro 7.7 times and

the Southern Negro 5.5 times at risk over the Northern White soldier.17

Ced square contingenc7 calculations revealed that the differencej

in attack rate between the Northern and Southern 1.it . 0 troops was

* .4."'

.he 1y significant .•ut the difference bet1eewlorthen and Southern.'

Negro soldiers was stat.istically rot sinificant. In ?..li

there is surnmirized the relationships amiong the four categories%

of troops according to the chi square tests. It Is obvious, with

thes two approaches reinforcing each other, that. whtereas origin

from Southern lelmatic regions incr"ased the attack rates ameong

White troops, no srch relationship was found for the Negro. Nrther-

more the racial disparity n in attack rate was one more emphasized

for each of the climatic zones (North ard Soit.)o. 'Mus the race

f.ctor far overshadowed the factor of climatic re.ian. .

39S REST~'!!CTTE
Is ..
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BIEXROUP COMPARISONS OF RISK OF ATTACK
KOREA, 1951-52

O.oup Coparison Chi snuare P

Southern Negro > Northern White 153.086 <.001
Southern Legro > Southern White 112.538 <.001
Northern Negro > Northern White 40.123 <.001 .
Northern Legro > Southern White 22.719 <.001
Southern Wýhite > Northern White 14.332 <.001
N ortt.er. !:ero - Southern Ni•ro 0.867 MO.0 "

Irrespective of wh.ethor acclimatization or accustomitation vas

responsible for Ute regional differences among the troops in Korea.

an additional hypothesis relative to adjustment to the climatic

enviror.nent was tested. It was argued that if acquired resistance

to cold was related to exposure experience as in the animal (8).

soldiers living in rural areas for the greater part of their lives

.0
should have hAd greater exposure and hence greater resistance a•

manifested by fewer cases of frostbite. This hypothesis could not

be etbstrntiated for both cases and controls revealed an almost

identical distribration by rurality and urbanity (Table US8). Even

separation into the racial ar.d regional co.opohents failed to estab-

lish any slcdificant relationships between type of residence and

predileet" to frostbite (Appendix Tables 42. 63 and 144). Though

a tendency for city dwellers to have higher degrees of frostbite

was noted a-.org 577 cases of frostbite of the feet, this was not

statistic•l-iy si•nificant (Appendix Tables 4.5 and 46). This evi-

dence was -incorclusive for no data were collected uniformly in

regard to the type of occupation engaged in by these cases in civil-

396 rESTflCTED•ss •$~~WT, CIh•D.-.. .- '."
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TAM!. US

W(PARMS!~ OF 702 ZASIZ OF FrO=TBITE AM) 4418
BUEt-I-VAIP CO?)LTR01VZ WIEP . T TO TYPE: OF

WoDEE1D.C LITD) 11: FOR GP.EAT&I PrAR OF LIFE
KORFA, 1951- 52

Type of Pesidence Cases Certon.
__ __ o. I !o. _

Rural 158 22.5 I106 I23.7
Urban and suburb.n 5,4 7. 34 ~76.3

(Total 702 100.0 4.48 100.0

Chi squi-re-0.206 df-i1 P >-50

tan life. if.nral indoor and urban outdoor occupationj could not

be analyzed.

With' the dewrnstration of greater frostbite atti'ck rates for the

Negro and for the Soutrier Whkite., the data on severity of injury

were reviewed on the tasig of 'race and region to ascertain wtether

the Southern White sol.'liers showed higher derrees of injury than

did the INort!hern Whites. No significant differences In severity

of in~ury between Nort):er n d Southern groups could be demonstrated

(Tables U19 ard 120). Th~e sitrificant differences noted were be-

tween the races per se. It mrust Ic w~phasized that thme classification

of frostbite b~y Aje~th of tissue darmage without rerard to extent of

the dJamage may preclude sitch correlAtive studies.

Just. as the stveral hos.ý and environmrental factors were tested

for t13 f ferericcs L.etwern Whi te and Netgrv cases in an attemp~t to

determine the basis for the racial dispamrit~y, so were they analyzed

* ~to elicit th~e *Lnmjerlyin.- reasons for the regional differe'nce among

*~**AA**~397. R ... S. ***
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the White cases. Table 121 summarizes the Individual factor

findings according to Northern (Regions I and. II)'and Southern

"(Regions III. IV and V) climatic zones for Whites and Negroes.

The method of analysis was identical to that ewployed in the racial

comparisons and its description will not be repeated here. 1hpha-

@is will be Given the comparisons between Northern and Southern

knWhite cases of frostbite and the Negro cases will be referred to

| only when pertinent or contributory to the argument.

2. MeanAge %

No differences were found between the €limatic zones. This

1 merely reiterates the general lack of association between frost-

bite and aGe in this physiologic age group.

2. Rank

For this factor which was fairly significanrt in the racial

comparison, no siGnificr.nce could be de~onstrated between

Northern and Southorn reglons, although a slight trend toward

higher ranks was not.ed anong the Southern group. This would

not support an hypothesis that the Northern regional attack

rate was lower because of greater experience In combat and more

frequently occurrinp elezents of leadership.

"." . Days in Korea

SGreater familiarity with the Korean terrain and climate cannot

*be clained for the Northern caOcs than for tMe Sout.hern to

account for their rate disparities. This waa hased on the lack

cf siVificAnt difference in the nu-rber of days the group spent

-in Korea.

Rilc data and calcilations will b•1 found in Appendix
T-ble- 51 to 1.ý6 ixiuaive.

400 51 •tO



Sum OF gsAym oF FATR TETE FOR RM O

rr- .'•...............................................-

:L?+ L

DUT~EZCES 1lU WHI1TE AID I1ERO FROSTMET
'OEA, 191-52

R and Rerion
Item Whit. I gro T.t of df p

*~1 SL S J . mif~c~nce- -

m~ean ac* (yrs.) 22.0 22.0 22.3 21.5 L 0 266 403 >.70 -
74 - - 30

LU*.- *X2 344 >.30

Day s n Korea 2 ,19 a >8 !q

1.733 MV )ODays in c;bat 39.S 47.5 43.0 63.3 t a 2.22 2O72 <.05
Day i coba 14.3 16.1 12.5 16.5 t 1.8 2 90 _?_6 >20.

Cort"jr t. res1 t 4~1* - .5139 1, <.05

Fo .... . ........ ...
FIta' teoa 6 ... Ji@ e~r e i 6fdr

30,26 £• o>.00Sr c o . . 1. 1. • -o.63 3i >.-0

, .... 3VO ~ 15 1. .4 . 5 - 1.?4e 4 >.1o

Day eniau orn . , . . 1 6. 0 4)

S..... .1,V3 - 6 >.95

L _i•.n c )ombt ix. m.1 1.1 1.2 t -11.023 21 5-0

IIOI- %rie ast maI .2 e -6. 9. c ,2o '001 ~ 6

co wit ofn or %et ... .1.2. >.50

- £ 2.01 __ -3Ž±2-~
Exra fi t wanor X;rI 2 , 2 .302 5

... cti t . ... .. *k, , -
dJ, 

Q 106 >.10

Averar c hance of~~p 1.5 1.3 16.5 1.5V t a .~ 1

-r6'o wodIjr m - + .• ,2 2:13,9 6 >.30

_1 023 35.") >.30

•.oL33 c a o o npck) , O 1 0 ,1. 1.1 1.2 > ,• 0 .601

Condi-tlion Ofqfree X21 - ,2. R, >.0

e r2.8"T >.30

6J.(a•. 6 >.10

Averaige mian, 10. ]-.of5 6> 2•-.~ ~ ~ ~ ~ ~~~~X Ch v__. q•,• 11 .3141.ir, eJ=•>z

,• •ck~er wrn • . . ° X2 2,fJ9 4018



". .. . .. . -. . . . . .

RESTRICM

?tU 121 (cont.)

Race and Rexion
item White flepro Test of df F

a S N S Sipnificance

Duration of exposure
(h ..) 11.2 10.6 x X t- 0.374 674 >.70

School grade t 2..9 49 <.01
gom leted -- 11.6 10.2 10.9 1031 LM 22:9 9 (.20

A=C? score Area 1 103.5 89.3 x 73.9 t- 1.570 24 >.l00763• 24 >.o054
A=C score Are. 111 . . .. .... 104.7 68.5 58.5 173.8 tw -_1,408 '• .0,
Personal hygiene 0522 2 1>.0
.. .. scr AeO.a11 2 >.,5

4. Days in Combat

If greater Sbattle-visdoa" played a chance role in one group

or the others this was certainly not borne out by the mean

days in combat for. Northern and Southern groups. A trend toward

a higher mean was noted for the Southern cases.

•. Days in Combat Without Rest

F f battle fatigue were greater for one group than the othir,

to account for greAter frostbite Incidence, a clue to this

factor niCht be found in disparities In the mean time spent in

combat without rest. According to the analysis of this factor

in Table 121 and to the extent that days In combat without rest

mea..ures fatigue, no significant differe~nce was found hetveen

the two groups.

6. Previous Cold Injury

Of interest in this analysis was the fact that a si~pificantly

greater number of Northern White caves gave a history of pre-

vious cold injury. 3ince previous coll injury was found in an

402 -, I-
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".Atloer discussion to bear a distinctly positive reation-

ship to the incidence of frostbit., this fact. s?-ould have "

OPerated aseinst there being an excess of frostbite cases

*A* to this ftctor in the South; or, eowversll, should rave

increased the probability Ot subsequent frostbite among Nor-"

tbern "4te troops. Since an =sce$s Occurredin the South

other factor" tstt ave operated in producing an over-al

hier tIncidence of frostbitA* &Oan the watt troops froa

the soutirn clinatic regions despite the cOre freqient his-

tor7 Of previous cold InjorY in the Uorth. This relationship

is qiatitativel7 set forth in Table =- Utilizinbt the

distritltion of previous cold injury &,ong the pr-,exPOsure

controls as an indicator for the expected number of cases

with pre"vios cold lnury, the actual nw.•er of c€ses of fost.-

bite wd.o gavs histories Of cold injury was cc.v3red V the

ehi square tectnique. Thesqe compgrls were ae for race

and region. It cun be seen that beth rortfern (chi square

. J S.C,2) and Southern (c1.1 6quare - 30.1%1) mute cases h1ad

simjificant excees Ue t Cines With iV.tOry oC previous cold

injury over ta.e mustcr cxpectej. SL-illroa tthe Sout!;ern

.:eao cases st.oved a 5inMifi Icant excess (ct-. square , 7.126).

S(The chi square value for the tlort'crn 1tle.•rO was unreli.hble

tescuse of t1.0 n.all size of the expected lue.) T3ese tnivid-

usl Cocnwnt chli 55(01,r, Values as well as that for th.e e trl-

ence as a wt.ole (chi strarne •3635) ,,-rely reittrated tlhe

tinkilne of A sj•n3eitcnt, eXCeSS or frostbite cases w1Th a his-

tory Of previous Cold 1n.VurJ, uosts for lr.teraction o0 t.%is

4 
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factor with region .',nd rare revealed that previous cold

injury did not a.fect the g~roups equally. Secondljs testa

of Interaction between previotis cold' injur7 and region re-

vealed that regi.on qontributed slniificantly to this excess.

Finally, test$ of interaction between previous cold injury

and race revealed that race did not contribute to the excess.*"

Therefore by this technique the more prominent role of climatic

region was noted in the interaction with previous cold injury.

Thus it was concluded that, by subtracting the contrary effect

of a greater incidence of previous cold inury wmong Northern

cases. the effect of climatic region. of origin on production

of frostbite was =plified.

7. Previous Illness

As -night be exc~ted from knowledge of the extent of the

endemic re:er-voir of malaria the Southern cases cave a history

of this disease s•.,ificantly more often. That this factor

was purely coincid'ental and indigenous to Southern regions

rather than contributory Jn any way to the excess of frostbite

cases from Southern regions was shown by the synonymous dis-

tritution of this item among tl;e i•hite control subjects.

9. Smoking

Just as in the racial co=parisons so in the regional coM-

pari•on was a s-.irdficant differ-nee in t:he &.ount or smoking

*E(chi s.quAre ) ehi s~piare - .3.6)5-23.580 - 20.055; dr 3 P <.001
;44(0hi , Iuare)-chi squprc - J,.!76-22. ',53 - 12.323; d•t 1 P <.001 and also

E(|i~i -,rin')-.hi qltare- 8A..59- 3.948 - . 511- df - i P <.05
0'03(chi zqu're)-cbi zquare - 18.215-(00.177. * 7:126J - 0.915; df - 1 P X.30

(5outhcrn. W(hite nl. So.-.oern Neern only since the nimber of Northern
Net;ro cases were too few for reliability)

40S RES1TfO E,

S• •. . . . . . .caf blr . . . .m, o



. .

*?.-

found. In the latter instance the Southern cases smoked

less th&a the Nrrthern. It should be recalled, first, that
the cases as a whole smoked sigificantly less tobacco than

did the controls. 3econdly, the XsCro cases smoked signifi-

cantly less than the White cases. The finding of less smok-.

ing among another gcroup with significantly higher attack

rate tor frostbite* namely the Sout-ern Wits cases, there-

fore empaslzed this factor (or lack of it) as associated with

frostbite. The controls did not slow this regional difference.

The concept of an underlying personality complex or at least -

some psropý'73s1oloCIc factor must be considered seriously.

No claks can be made that less smo':ing among Southern White

cases resolves the problem of the difference in attack rates

any more than t?3at less smoking a.-ong Negro cases resolves

the question of racial disparity. This fea'ure eay be a re-
flection of Lal-.3vior cenon to Kegroes and Southern Whites

(in that order) .ich in turn nay be conducive to a poorer

adjustoent to the needs of cold weather survival.

9. Interval.Sir•ce Last P.eal Before Frostbit*

Unlike the siti•tion anong the controls the Southern White

frostbite Cases 3howed a significantly longer interval between
the last =1 and the onset of their frostbite than the Northern

White ea3es. This factor took on even greater sigificanee

when a tendency for the Northern White cases to have had a hot

meal in more instances was noted. thourh the reason (or this3

difference in the interval since the last meal was not at all

clear.

406 MaeSTTE
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10. .ootgear Worn

No significant difference was noted between the Northern

and Southern Wdhite caseS in reg~ard to the adequacy or boot-

gear* for the temperature and ground kcondltion.

U0. &ra Footwear Carried

The Northern and Southern Wsite cases revealed no differences

in regard to the quantity and type of extra footwer whtich

they aorried for changing.

12. Averap Change of Socks

Ila si~iticant. afrererice in average interval between seck

changes was noted between. the two climiatic zones.

13. Average Change of Insoles

The average interval tctween chanCes of insoles in. sheepacs

was &14.o not. siaiific~ntly diffrenit b'etwetn Northcrn and

Southern cases.

14. 3ockrear Worn and List. Charge of Socks

Both %orthen and Sou7thern a.ite cases wore the same type

and quantity of sockeear at the time of tteir colu inouries

and hal last. ciantd their seckn at virtually Identicale inter-

Vale.

15. Condition of F.eet

Although the Northern Wh1te cases tended to have had .-r

irst~anccs of dry feet at tL1re of inlurys no sig-.ificant dir-

fererce fro- le SouJ.Iern . caes w•s noted.

16~. Condition or Hands

ea-ong hec haLn! Ca--s orfro-tnlae the isortlesr v4 Southee"

wanitcs i wt any tlhericant otrrervrOes in ties ca.-

40? RELST1zCTE
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d~tUo of the hands at the time of injW. •"

Althog it was shown erlier that the frostbite cass , 4...-

were significantly less active than the controls in tdenti-

cal environmsental situations& this factter was apparently non- ,.-•

contributory to the regional difference In attack rstes,

There was a tendency for the Southe)•rn Mt* cases tohave •"'

been soewat more active than the Northern White frostbite -. :.,

,18. Average KIM • mp erature of Exposure

Both Northern and Southern White cases were apparently ozc- i .,

posed to virtuall the same minl==• temperatures as evidenced --..

by a lack of statistical significance in the difference between %..••

the average'minium temperatures of exposure for the two groups. ,',

19 •rt.on of Exposure ;

Botio grofp t ere hapdseat th o time lof ami enntmpraurso

virtually Identical lengths of tome.

2D. &- oghl Cradi Caomeleted

Although no significant racti l difference was found dor the

higes e sionmntl grit omption by thi e act ase opparenslyit on

a statistical-y tirgifcant difference of 1.6 years to the

advantage of the Northern White Cases Was observed. If the

quality of education was considered# the difference In edu- .'•'

eatonal acheverant iy have beeNoen ireater than that

repre!!entad 1-- 1.6 years. Thre difference between the Northern -''•.
and Southern White cases relative to this factor beca.e even

more provocative when r t was noted that the overage school-

408 [ ! D::•••".:
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school grade completed by Southern iWites virtuaally equaled

that achieved by the Southern Negro cases and, for that matter,

all NeCro cases irrespective of region. Certainly greater

education should auipent attributes pertinent to accusto.n- ,

zation and the significanco of this factor -4fl be discussed

Sbelow,'.

* 21. AGCT Scores
S

There was a distinct tendency for the Northern. •rUte cases

Sto have higher AGCT scores in Aptitude Areas I anr III. These

scores may well reflect, in part at least, the educational

achievement of the four race-region groups as noted above.

22. Personal Hlyeea' '

%o regional differences in personal hygiene were noted but

the degree of reliability of this data must be kept. in .. nd

as discussed In the section on racial attack rates. .

M. Acclimatization vs. Accustomization

Ue evidence for acclimatization of ran to cold is at.best ten-

uous and not as firsly grcur.ded as acclimatization to heat. Al-

though acclimatization to heat in man is loat rather qdckly one .

may only speculate that such Is also the case in accl!-.atization

to cold for only animal studles exist in this regard (8). If this

is also true for man and loss of acclizatization or a physiologic

basis occurs i. about a month, then the effects of c-14mat•c origin .

on suct. accl-matization would certainly not have carrie-.- through

a Korean -urer. This conlecture r.enies6 of course, the possible

residual Lffects of repeated winter aucli.,atizations anon! those

trocp3 w•.o Lave liiVd Most of their lives in north.ern regions and"

409 "'TEDh

. ............. �... .. . . ...



. . . ... .. ,

Sthe possibility of lon tem. acclimatizations as yet not demon- .

strated. 7hse possibilites, though not very likely, have not--

been .-- .ipovn In th preen uo nodrc oceeeiec .

The analysis 0f the several factors studied was designed. to weigh "

Other possibilities as aontrebltora to the differeno ia attacks

rates between the e blitic zones. t mong these possibiethes Ist

the concept of accustomization to cold (psychological acclimti-

zation, adaptation or experience).

The case for accustomization can be overaimplified because it

is somewhat easier to speak of gaining experience and Mmnow-hovw

from having lived in the colder environment than to exact rigid,

demonstrable physiologic changes. The case for aceistomization

should be equally, If not more, exacting especially where psycho-

logical and educational factors are implicated. The ACCT scores

in Aptitude Areas I and MII and the grade completed in school

would tend to support the concept of accu3ton-tization, for the

Northern Whites could be said to have had the more nearly adequate

education and the greater aptitude for adapting to cola ,ather.

These factors would certainly strengthen the behavioral patterns

for living with the cold established by having lived in the cold

for the greater part of their lives. The Negro. on the other hand. #... .

"could be tho'-ht of as having b1!en sufficiently lover on the scale

of education and aptitude so that regional differences for him

were obliterated. The proof of this concept is. however, not this

simple, for s3igificant differences would be expected &aong those

factors stemning directly from education. orientation.. training,

4;0
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*Creator aptitude and its corolarj' better receptivity. There

would be expected differences in the adequacy of bootgear-sock-

gear combiJnations worn and the frequency of chanGe of socks and

insoles. The soldier act atomed to living with cold would be

expected to have been more aetively enfared in moving his legs

and arms whenever the situation permitted, could be expected to

have carried extra footwear for chaneini at everl opportunity

and would more frequently have had dr, feet and hands. No dif-

ferences between rerions were elicited for any of these factors

(Table 12). This relative lack of confirr.atory evidence for the

accustoniatLion hypothesis does not nejate it. however# for 6ther 2

less measurable factors in the psycl-.esocial caterory mizht. if

d1ata were available, support the hypotlhesir. These factors are

the ones alluded to in the discucssion on differences in racial

attack rate6 and iticladc, r•.or.,: others, factors of morale und self-

ois 5zplik-, as well as th.e early ho.--e rn-imror:.et and behavioral

Fatterns. As an: exxaple, it is coraceivable and even highly probable

that a soldier raised in a wara cltmate could for psycholog;ical

reasons Le at a lower level of norale w•e.n thrust into combat in

m cold crnvlirontnent.

To ti. a point. tLoul: acclizatization cwnnot Le rejected as a

t-auic or contrlltntory cause for ".,tc re-io:nal dit'ferences in frost-

Hite rates among '1.1te, aoldierc, te hiTyotheass of accustonization

appears to Le a more likely one. N:evcrtheless the differences In

rei~ion;il attack rate3 were ldj'~hly slt7-ificarnt. Irrespective of

"the un,:.:rlylr,, caure or cau,.s which this study failed to de.onstrate

coticlisilv-ly, tMe; outl.ern W'.-hite soldier was at ;:eater riAk o.

4•! RESPICTED
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attack by frostits Utan the Northern White. The practical

milltsr7 implication of this finding was identical to that

described for the racial difference. EMPha* 1 s on training and

orientation is reiterated =nd the recoGnition by unit conaanders

of these "special risk* gmoup: should be part of the comiand

responsibility.

4)2, 'S.' • .o
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4) Thourgh no relationship betweem temperature and severitY

of injur7 could be established, hand cases seemed to

.equire, an the average, 5 degrees (F.) lower tCMpera-

ture exposure than did foot cases.

T5) he mean duration of exposure was 10 hours, but varied

with the spealfic type of activity.

6) An attempt -was made to establish a gradient of injury

accordIn: to an exposure-index principle utilizing the

product of temperature and duration of exposure. 'rends

were noted for a direct relaticnshlp between degree of

injury and expc.sure-index. Its shortczaiings vere dis-

cussed, but the technique was recoc~ended for future

studies with more nearly adeqato classifcation of

.severity of injury.
7) Althourgh condition of the ground did not play a r.%jor role

in the incidence of frostbite it did affect the severity

oa injur- of the feet. Yet ground was siGnifltantly

* associated with hirher dcrees oa injury. Grou•nd con-

dition did not affect the severity oa hand cases.

8) The relationship between corbat activity and frostbite

incidence "ans r.isked by other envirornmental factors on

a reeLm.tntal basis, but bccame apparent when case-

exposure rates were calculated:

a) Troops in reserve had 2.3 cases per 1O0,0O -an-

days of e.posure.

* • 414
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b) Line troops in static defense showed 4.9 cases

per 100,00 ran-days of exposure.

A c) Line troops In active defense experienced 43.2S.

"cases per 100,000 man-days of exposure. (This

included the partial effect of inadequate boot-

Sear.)

. 9) ,Althouh both cases and bu•nkr-ciate controls were exposed

. .to similar environ=ontal factors includ.Ing specific micro-

"t activity such as i-obillz~iw enemy action, the cases

showed markedly l.ess ruscular movement than, did the con-

trols.

10) M3st cases of frostbite occurred Ahle troops were 4ngaaed

in an actIvity on top of the ground such as patrol1l.nG or

sf-standing guard.

11) In a s3ple of 275 frostbite cases distributed similarly

-"to the total case load in reiard to division, date of

injury and race, body clothlrZ wis found relatively adequate.
r ,
* , Injured part specific ccr.parisons revealed relative inade-

quacies in handjeoar ar.one, h.and casess boot::car aemon! foot

~ cases and headgear aongr. ear cases.

bK. 12) Althou :h the absoll:te ntzber of frostbite cases of the

feet oecu-rinj in shavacs was -:reater, calcu•ation3 eqtal-

iZin." cxi-osure rcvvale.d the Itethor cob.at boot to be core

conducive to injury and more Crcq,:cntly leadini to ,greaterK aevorit~y of ln!ury.

13) -,he r'olIowin•n bootte'ar-socký,car conbinattion3 were arparerntly

i'.qeqC, -tte . in '•ntir, JOwer for the :li-a.tc cor.dittons

415
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an•d led to a significantly greater number of frost-

bite cases:

a) A single pair of cushion sale socks in leather '

boots.

."b) A sim-,lc pair of cushion sole sooks in shoepacs.

14) Dootgear-sockeear combinations found to be constrictive •

and presw..ably conducive to frostbite were:t

a) Two. pair cushion sole socks in leather boots.t

b) One pair ski socks in leather boots.

15) •owhat troops frequently failed to carr,, e~tra footwear

(socks and Insoles) for ehanuine. wbenever the situation

Ivrmitted. Of 252 cases in situations permtting sock

and insole ehang~e,*only 77% carried this extra footwear;

| ~whereas at' 21/, controls in similar si.tuatiors, 9Z9g

S~carried extrA *'ootwear.

16) Hand cases revealed a s1ent frcant excess nb ar or erther

•no handgear or incom.plete ensembes at the ti=e of Injury.

17) Although the insulated rubber combat boot did not cam-
pletely prcvent frostbite of the feet, it did cause a

ainficant reductpion In th cine of cold inj utr

b)durin, the winter of 19c1-i2.

14) The .cars ng leather comba t boots thowed a relatively

hidher i.nidence of n vt feet froms ternal wrter than did

controls. The ahoepacs somilarly porks in ed entrb of ex-

terr•1 t water throeuh the top tanI thro-rgh teArs with re-

Ultind loss of 2nsulation. Severity of pn"-r."t scs Greater

in cases i et wcth exernal lcquids.

plete1y pr"1n rrstit oDtefei i as
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19) Inadequate insole chan-c contributed significantl., to

frostbite incidence in troopr wearing shoepacs. Change

of socks, though 31gnificanLly inadequate, was not a major

factor contributing to incidence.

20) Rank w•s an obvious factor in frostbite incidence and re-

flCected the occ-paticnal selectivity of cold injury- for

the front-line rifleman. !he calculated rate among

sergeants at Identical risk was 1..2 ier 1,000 as c€n.pared

to 13.0 per 1,000 for privates and corporals. .vidence was

presented to indicate that eltzents of leadership may have

operated In the more favorable attack rate amo", sergeants

as c•mpared to the lower risks.

21) Previous cold injury was Incontrovertibly shown to predis-

pose to frostbite. The attack rate among, soldiers not

previously cold injured was 2.6 per 1,000 compared to 5.0

per 1,000 for soll.ers previously cold injured.

22) Evidence was presented that fatigue played a contributory

role to the incidenco of frostbite.

-73) The use of tobacco showed no relationship to frostbite.

Actually the casea -. oked si,,yificantly lesser .mounts

than their bunker-sate controls.

2.) 3oer evidence ao pr'm,:nted th.t the frostbite case tended

to be a bradycartic individual.' His mean Fralse rate was

75.3 per r.nute -.c.pared to 86.8 per minute for the con-,

trols.

25) The frostbite cases tended to have sI.:n1f.cantly lower

AICT scores (mean acnre Area I 80.,) than did th, con-

417 RESTMICTED
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troli (meMe score Area I - 90.7) Indicating the possible

role Of edcation, aptitude and skill in minimizing the

risk fron frostbite althouh% the needs beyond primitive

intefliomwe were not clear.

26) Collateral evidence .was demonstrated to strengthen the im-

pressions from the nouropsychiatric study that the frost-

bite case tonded to be a passive, negativistic, hypoehon-

driacal Individual. This evidence included the factors . "

of less muscular activity in situations permitting greater

activity as demonstrated by the controls3, relative In-

attention to carrying extra footwear and less moking.

27) The Negro ws proven to be s31nificantly at greater risk

of attack bo frostbite (six tU-es) with all environmental "

conditions equalized. At the regimental level his rate ins

35.9 per 1,000 co•pared to 5.8 per 1,000 for the White

soldier. Mezgroes showed =ore severe Injuries than Whites.

Differences In tissue susec;•.b!.lity were neither proven

nor 'dispreven, but evidence was found to indicate that .

lower aptitude and knowled.;e may have played a role in the

greater 3ero attack rate.

28) The climatic region of ori•.-n of the soldier was shown to

be a hi.-bll si3-nificant fataor =r~onf; ••jt•e troops In the

lacidcnce of frostbite. C.-,;n from the varrai clinates

of the United States (or 1ýii-nii and Pur.to RLco) Vredis-

posed to frostbite. The rol.e of acclirutiatton and

accustomi- .ion was disauzzel and rore evidence for accus-

tomleatim s;,cd to be prvsent. --

418
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29) The racial factor so outweighed the cllnatic re!ion

factor as to obscure the latter artong r~eroes.

Ul. i?2:M.'DAT10.S FO. rQL:TIO .-

The following reccervintion- are presentetd as hih li•-hts or

new items of prevention rath"er than a ccnprehec.sive listinC of all

measures previously known or rccorn.ended: '

1) Weather consciousness Is a si.ne r non in the prevention

of cold injuries. Each ur.it should take an active part In

local weather obsurvations and predictions so that its

practical applie.tion to '.. proporer wearin; of elothin;-. and

leng.tLh of exposure within the lim.its ef milt.tary, e>Tcd.er.cy

may be realized.

2) ir.ob'li-zation is a rajo.: factor -ontribut.'n to cold i.n-

jury. Troop. should be ii,ress,-d with the need for rus:-ula.-

.rov',jr.ent 'o t:%e :ullcst e-tent -which the ccr blt situation

Vcririts.

3) The wcarln,- of it,•s of body cthin.. should ce predic.t.ed

upon the existin: or pred-rcte weathcr ccdtit.1orns ratihcr tban

or. the basis of a~y-%wido d~rectivez r.elatiin; to season~s.

4) Frort-lin. ur-Its sho;.ld be ,,,liFJ with po,-crly fitted

new insulaLed .-uaber boots for winter ce.bat thenever

p.n*-Ible. Cotjn'*zxuc,- :hrd, h'wev.e'r, be Ls:"n of the

several shoetcarir.-ns of the booat deicriblxd in other section5s

of thls report and .-ven .:reater attention ;aid to foot

hygiune while w-arino the boot.

5) Grct,-r attv,:t or, should be pa.id io prnF4.-r :-oCt,:ear-soc:•ear.',.

% °
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cambinatir.s to avoid either inadequate insulation

or constriction.

6) Extra footwear should be carried at all times so that the S

soldier Way take advantage of any opportunity for change

and not be -aided blindly by "daily change" directives.

7) Daily inspection of the feet by the squad leader to include .

boot and so:kgear a.dequacy should be mandatory and unit

commanders should require verbal reportr of such inspections.

8) I•andwear s.hould be fastened by neck cords to prevent loss

and extra shells provided in addition to the usual extra

inserts.

9) Cold weather orientation and training should be extended

into the ec--bat theater and simple educational techniques

of a pub.lic health nature atployed to keep both the problem

and its prevention before the troops at all tines. Repeti-

tion is essential. "

10) The "special riak" ,,roups (1.lerroes and White troops fr''

Southern eiln'.tic reionz) should be given greater attention .

in orientation, winter conbat training, teaching of foot

hygiene ar. in inspection. Unit cc=-.ander3 should recognize

that, to retain these groups as effective rifle power in

the line, ;eronal attention tc preventive r.easures among .

them' will be necessary.

11) Since prev'oujly cold injured soldiers are at twice the

risk of attack br, cold, such Cases should not be returned

to, si3tuacns in wt.ich expo iire risk is creat.

420
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12) Cold Inj'ury Control Officers with rull fre-dcm or in-

vestigation and report should be stationod with each uznit

* of cor.pany size or largere These officers shoddee in

addition to their indoctrinatiornal duties in training and

orientation, adivise on correction of irrecularities of

xLpply and utilization of gear in tactical operations.

13) As ccabat conditions periiit, WarM-11p facilitis should _

be extensively used._

U) Everd cpportounity for res. back of the lines hould b

provided as battln activity s erits. Evidence exists

that €e..c soldiers did- not avail thfselves at trips to

howers wehich affirded at opportionity for brief rest.

1. %-prther cpiduiolo.;ic fionl studies of cold injury shouald be t

umlcrtaken to probvid additional e•'antt•t•ive data, especilte on udn-

resolved p-oble sis.

* 2. Fultiple fa~ctor an.1175i5 simoiId be applied to rich data to

der..e relatveo e!orhts of irportance of the several factors involved

in. cold in"ry.

3-. orrelation rcattlurt.i.Ls for e.-r.Irature and i. idence data,

should to exthrdaml to o the several type.s of ca bat situations.

. h-! relr onshih betwee'rn tin.vr;aturu and duration or e:res*ure

wnet drel:e 0.7 in Uryj Shou.11 be,ta,~ wh.nrm z~oru :ear?% adeopuate

i or z.!.Vort.y hay.' oeen flormulatei.

5.nlra ::n. *ont. oC ',1,*,ad itio a rot.1 toed-a ataea on te bias or ,io

valu.'a cf 1::t ple fi'~a1I -or a .1-..s -.. hod b c ai1:edto rates.

d I..e v t .rn-.- of .he *e.eral f1 •l a In--:e;I"
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total impressions.

7. Psychological tests of morale should be devised and applied

to survey groups to determaine the relationship of this attribute to

cold injury incidence.

S. To assess the role of cold weather orientation and training,

this t;'e of instruction should be entered on the soldier's service

record by date and quantity of hours. .

9. Pre-exposure studies, if repeated, should be an a nuch larger ;

scale and should include, for example, reliable tests of vasonotor

stability.

10. The neuropsychiatric aspects of the cold inj.ury probl,,, are

provocative and should be explored further. Psycho..oeical testing and

p;ychiatrlc ex..mination of an adequate sam.ple of cases and contr•ls .jj
should be executed with the concept of a "cold-susceptible personality-

co•plex' in mind.

11. Tie inquir" into the wderlyin•" factors in the rac-al and

cli•atic recion of origin differences in attack rates should be extended

to the paychosocial factors so that finite preventive or selective

actions may be taken.

12. If conditions pernit, these studies should be extended to

othe~r United I:ations units to cli -.it differences from United States

troops. Such a study is always fraught with difficulties of lar.-uage

and c%:lti:re but ray provide the reference poizi.s of departure Ln such

factors as training, 1-',iene, morale and accustomization.
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AP ME DIX TABLE 1

DAILY I;CIDEINE OF FROSTBITE, AVERAGE TDEATUPM, . ! .;.

IINDM MTERATURES AND AVERAGE WINDCN"Ii
I.OREA, 1951-52. .

Number Average Minimum Average.
Date of cases Temperature Temperature Windchill

(y) (xl) (x2) (x3)

21 raw 51 2 1.6 23 4.78
22 Now 9 42 27 545
23 Noy 37 31 17 659
24 nov 44 28 15 724.
25 Nov 49 23 10 661
26 Nov 52 17 -2 978
27 Now 22 21 7 876
2 Nov 10 20 .6 831
29 Now 10 29 15 696
30 Nov 5 28 10 610

TOTAL 240

MEAN 24.0 28.5- 12.8- 705.8
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APPE2ND•X TA•LE 1 (cont.)

wNumber Average Minim= Average
Date of Cases Temperata-re Tomperature Windchill

(Y) (xl) (x,..

"I Dec' 51  6 30 12. 580

2Dee 5 32 16 616

3Dec 1 3139 567
S.,e 2 3& 19 627
k Dee 1 30 16 636

Dee 2 31, , 603-1
4. 7 ee 1 32 20 571

8 Dec 1 30 1i 682

9Dec 2 30 16 591

10 Dee 36 20 5G0

11 Dee 3 33 20 630

12 Dec 0 32 15616

13 Dec 0 33 16 719
It Dec 2 25 6 826

15 Dee 5 .22 917
16 Dee 3 22 I, 758

17D €c 0 26 I. 638

IS8Dee 0 33 12 601.
19 Dec 0 32 it, 551.

20 Dec 1 36. 17 601

21 Dec 0 36 19 550

22 Dec 0 h2 17 502

23 Dec 1 31 655 51

21, Dec 0 29 t0 691
c250c 2 28 13 650

A. 26 Dec 3 2? 11 722
27 Dec 6 20 . 71.2.

8Dec 11 1h, -9 813

29 Dee 5 9 -17. 7686

30 Dec 2 18 -11 686
310cc 2 28 6. 635

TOTAL 71

MAN 2.3 28.9" tO.7" 656.7

-PSTRiCTED

427

. . ,, • -.....

, '* - . 5 - 5- t S 5 " /. A.. t... . . A /A...tiZS.J Z r..L a.A .. a.... -, t" .



RESTRICTED

APEPM. TAMZ I (CAmt.)

Number Average 1inimua Average
*Date ,;,f Cases Temperature Temnersture Windchill

1 Jan 152 7 18 -i 762
2 Jan & 18 -6 721
3 Jan & 26 7 68
4 Jan 2 26 5 723
5Jan 3 20 -5 718
6 Jan 2 21 2 7527 Jan 8 13 -8 857 t,
8 Jan 11 13 -10 839
9 Jan 7 16 -10 755

10 Jan 6 28 - 3 64,9
11 Jan 6 17 - 2 795
12 Jan )61 16 -10 805
13 Jan 2 20 - 9 605
14 Jan 1 28 10 645
15 Jan 3 24, 10 795
16 Jan 5 28 3 748
17 Jan 6 20 1 801
18Jan 3 12 - 5 888
19 Jan 0 26 12 717
20 Jan *2 29 12
21 Jan 1 31 8 700
22 Jan 7 23 - 1 747
23 Jan 7 24 - 2 693
24 Jan 9 21 - 2 743
25 Jan 16 9 -8 942
26 Jan 21 13 -8 775
27 Jan 6 28 3 625
2 Jan 2 31 3 606
29 Jan 5 28 2 671
•0 Jan 3 19 1 883
31 Jan 6 16 -6 779

TOTAL 206

)MM 6.6 21.6" -0.7" 747.6

RESTRICTED
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APPENlDIX TAMI3 1 (Cont.)

Gra Umbter Average P.1nimun Average
02'.0 of Cases Temr'eraturc Temreraiture Windehill

Wy NJi) 0x2) (X3)

I1Feb t52 a 19 - 2 803
2 Feb 1? 10 - 6 931
3 Feb 17 10 -11 885
4 Feb 22 9 -12 943
5 Feb 19 9 -18 889
6 Feb 26 1*. -10 750
7 Feb 3 28 2 647
8 Feb 4 23 - 2 694
9 Feb 4 28 5 682
10OFeb 2 23 - 4 762
11 Feb 0 28 9 61.8
12 Feb 0 34. 15 596
13 Feb 0 33 19 586
14 Feb 0 34 20 600
.15Feb 3 33 1 4
16 Feb 2 24 6 765
17 Feb I 18 - 3 780
18 Feb 6 17 - 1794
19 Feb 9 16. - 4 804
20 Feb 5 23 1 773
21 Feb 0 25 2 735
22 Feb 11 22 0 759
23 Feb 9 14 -5 835
24 Feb 3 23 6 693
25 Feb 4 26 12 684
26 Feb 7 28 10 682
27 F-b 1 219 10 650
28 F, b 0 26 9 669
29 Feb 1 29 6 677

TOTAL 181.

~AI6.3 22.6 ::.1 0 736.4
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APPENDIX TA= 1 (Cont.)

Kwmber Average Minimum Average
Date )f Cases Temnerature Temnerature Wlndchifl

(Y) 0xi) 02) (X3)

I Flar 52 0 32 17. 614
2 W 0 31 11 728
3 Mar 2 25 10 852
4 Var 0 22 5 763
5 Kar 1 24 2 729
6 Var 0 31 a 624.
7 lar 1 36 17 589
B Far 0 33 21 626
9 Var 0 36 19 579

10 -Xar 1 32 16 695
11ar 0 29 7 713
122.ar 0 32 12 752
13 Har 0 40 10 4.50
14•Mar 0 39 23 579
1i5 ar 0 .1 22 552
16 Mar 0 43 23 516
17 Mar 0 43 .22 516
18 Kr 0 41 24 554
19 fur 1 36 14 622

0. 3 34,.0" 14.90 635-9

;CRAWJD•:••l 5.9 26.20 6.5" 700.6

S.D. *9.66 1 8.29 _ 10.23 ,106.4

GRA'JD TOTAL 707

COEFv. CCRM -. 4209 -. 21 *.4306

S7 8.76 9.15 8.72
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AM I TAL 2b IRV I I I I I

WEEKLY COLD INUuRY RATE (PER 1000 PER ANNUM) FOR DIVISIONS,
REGD1DTS AND SUPPRT EM1EN2T5, UNI1TED 3TrATES EIGHTH ARMY

KOREA, DEMBERB 1951

unit 1 Dec. 5ija Dec. 51 15 Dec. 51J22 Dec.* 51 29 Dec. 51

ISE Cay. Div. 135 0 0_________

5th Res. 2Z.2
7th Reg.
8th Peg. fal.0

Siitoortj
1st Mar. )iv. 3. 0 0 0 1.8
2nd Inf. Div. 0 0 0 2. --2.

9th Rae. 13.9
23rd Reg.
38th R~eg. 14.0

126.3c t 10.1 12. 2.5 7

* 15th Reg. 539 13.5 13.5
65hReg. 34.9.7 42.0 .14.0
Sunoort 5.8_________

7thIf. -iv. .. .11. 0
17tit Reg. 831.8 574 14r3-7.
31st Reg- 53.
32nd Reg. 13.7 13.7

Smo'tort 20.4. ____ ____ ____ _____

24th Inf. Divo .35.7 7.7 10.2 0 2-
5th Reg. -T 15 30.7 7

19th Reg. 15.7 15.7 15.7 15.7
21st Reg. 109.6 15.6 62.6

Surwort 10.0 5.0_ _________

2hnf.Div. 2 0,, 0
14th Reg. 14.2'
27th Reg.
35th Reg. 51.9. 13.0 13.0

45th Inf. Div. 0 2.6_ 0 2.6- 13..179th Reg. 123.0 13.0 26.1
180th Reg. 36.0

279th Reg.

Sur.~'ort+

. .. . . j. . . .

9ic Rcth 2. 01. 0. 013.9 1

Tr n.ota . 320.8 20.6 3.2. 0,8 5.6

7th Reg •'73, 20.0ST .0 ,+,

15t~ Reg 53. 13. 13,4-2

............. v. ..... . 102 O .. 2. .

2t.. ........... v. 2'..............o ........... 05•"
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S . £FDI1 TAMIZ 2c h h

WEKLY COLD IIJURY RATE (PE 1000 PER AYN.) FOR DIVISIONS,
RECDaMS AND SUPPORT flDMTS, UNITED STATES EIGHTM ARIM

KMF.A, JANUARY 1952

unit 5 Jan. 52 12 Jan. 52 19 Jar.. 52 26 Jan* 52

1st y.ar. Div. 2.! 2.1 2.1

9th Reg. 13.7
23rd Reg.
38th Reg.. 94.3 13-5

Su(mirt .4.3 12.9 .6.1
3rd Inf. Div. .2 2o.1 . 0 2.6

7th Reg. 2 a 13.4
15th Reg.
65th Reg. 98.3

Smot12.1 _____

7th inf. Div.- 8.2 . -. 713Z.5 2.? 32.7
17th Reg. 13.7 27.4 13.7
31st Reg. 48.9 73.4
j2nd Reg. 26.8 26.8 67.0....Su-,-ort 7.,2 7.2 -.

24zt* Inf. Div. 13.0 1R.2 2,
)Lh Repo. 1515 61.& 19,. 7 .8

19th Reg. 15.7 15.7
21st Reg. 15.9 111.3 31.8 15.9

Sionort" 10.8 10.8 •.0

2th Th!. Oiv. 0 2 o
14th Reg. 14.6
27th Reg.
35th Reg. 14.1 14.1

Stiorort 5.9

40Cth Inf. Div. - T0 5o.0o
6Ct.-h peg. 29.0 231-.

223rd Reg. 495.2
224th Reg. 29.0

____Sort 100.1 100.1S... •h :,',.,. Di.,. _ 26.9, 2.6 1.5 6,6,,
179th Reg. 79.0 182426
190th Reg. 55.9 69.9 41.9 195.6
279th Reg. 13.1 26.1 78.3

____________ ____ 7..2 6. . 6.8

%4jsc. Eighth 1.1 2.9 0.1 2.2
Army Units ........____.___

Total 4.8 16.2 4.o 12.6

.1 HESTflX4ED
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AP1'M2SD TAMlE 2d woka

WEEMY COLD DNUR RATTE (PER 1000 PER ANNUM) FOR DIVISIORS,
REGhIITS AND SUPPO.rT U.~2I , MUNTED SATES EIGMT ARMY

KOREA* FERMUARY 1952

Vr.It 2 Feb. 52 9 Feb. 52 16 Feb. 52 23 Feb. 52

* 9th Reg.
23rd Reg. 3-

* 38th Reg.
6.8

*2jijnf. Div. 0 522.82.
7th Reg. ....
5th Reg. .. 1 1

65th Reg. 12.7
Surcort. ____ 6.2 __________

7th Inf . 01 v. 30.2 43. i2.7
17th leg. 13.9 83.431st Reg. 24.9 62.2

32n • leg. 110.8 55.TE 13.9 .I.I ,

24th W. Div. 198.25 2 0
5th Reg. 30.7 1171.5

19th Reg.
21st Re*eg.

2 n.Div. 7 ___9_ 0 0 31.5_

38th Reg. 12.1
27th Reg.
35th Reg. 13.2 145.1

Su65teort 11.7___-._-__
tth Inf'. 0Div. 28.2 0. 2.6 2.1
160th Reg. 60:3 103. &0.3
223rd Reg. 45.1 2.203 15.0 15.0
224th Reg. 20.1 1.0.1 20.1

Surnort 6.7 6.7 6.7
45th ,n. Div. 4,2.1 72.9 0 o. 6"'..-

179th Reg. 40.5 13.5
180th Reg. 162.5 121.9
279th Reg. 13.5 53.8 26.9

Su..ort 14.9 7o . 29.7

Mse. Eighth 2.2 2.9 0.. 1.1
Army Units _____ ____ _____

Total 9. 19.2 1.4 8.3

f_______________________________

flESTI ,TED
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AMI2D=1 TABLE 3o bwfi bfum"

WEEK3LY COLD VL~JRY RATE (PER 1000 P12t MX.U) FOR DrIISIO9IS,
REGDNJTS AND 3UPPORT F±MMNTS, UM(ITED STATES EIGHTH APw -

K1 A, PARCH 1952

tUnt 1 Mar. 52 8 Yar. 52 15 Par. 52 22 Mar. 5229 Par. 52

lst 11ar. Div. 0 0 0 0 0
2nd Inf. Div. 0 0 2.9 0 0

9th Reg.
23rd Reg. I5
38th Reg. -.Sur'rort ...._____________.-_____

3rd Int. Div. 0 0 0 0 .0
* 7th Reg.

15th Reg.
65th Reg.

Suncort ____ ____ _____

7th Int. D.v. 5.6 2.8 0 0
17th Reg.
31st Reg.
32nd Reg. 28.7 14.3

Sunnort ,"___.
24th Inf. Div. 9. 1, - -

5th Reg.
19th Reg.
21st Reg.

sijnort. 22.2 ____ ________

25th Inf. 61y. - 9.O 2.7 0 2.7 0
14th Reg. 11.5
27th Reg.
35th Ree. 71.6 14.3 14.3

40th Inf. Div. 2.7 0 0 0 0
160th Rep
223rd Rer.
224th Reg. 15.1

.... Su-r'ort
45th Inf. Div. 11.1 0.0 0

179th .c. Ri1.6 1-3
180th ReE. 14.1
2ljth Reg. .27.5

Su.r, ort ,__._'_.-.

M.Ise. Eighth o.4 0 0 0 0
At-.v Units .. .. °__o

Total 3.2 0.4 0.2 0.2 0

S~~RESTRICTED..-
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A,,PzND TAIZ �, �RESTRI•ED .
WN(r1LfT BATTLE CASUALTY RATES FOR DIVISIONS, R•,•,DMS

AND SUPPO.RT M•.L1ETS, UNITED STATES EIGHTH ARMU
KOME, 1951-52

- - Month1~ Rate vfl' 1000 .r Annum - -

-Uldt SecOt. Oct.. tNov. Dee. Jan. Feb. March
1st C.av. Div. 17. 182. 31. Q.1 0

37th..eg. 33)0l. . - - -0
7th Reg. 474.8 3460.4 1081.4 0 -0 "
8th Reg. 69.0 1251.6 373.0 1-.O - -

Surofrt 9.* 62.9 113. 0 - -
1st Var.Div. 0 0 91.10 390 81. 0 0
2nd Inf Div. # 291.4 • 3.2 32.9 .6 3 .5 L

9th Ree. 3718.1 1662.3 0 20.9 38.4 8,.2 91.0
23rd Reg. 284.0.8 11(C.8 0 81.4 62.6 35.0 21.7
38th Reg. 1875.3 1651.0 0 69.8 193.2 78.0 69.7. .

Sun•ort 33.7 53.2 6-s 0 0.9 13.6 8.7
3rd Inr. Div. 182.0 32. 225.0 121.2 54.8 49.8 28.2

7th Reg. 352.2 469.8 1"9.5 139.9 21.5 0 75.1
15th Peg. 189.2 987.4 592.3 134.7 66.0 151.9 66.0
65th Reg. 413.3 263.6 3.7 374.2 202.2 92.1 0

Sunnort * .5. 24.6 212.5 2.9 1.2 ".3 1.6
7th rnf. Div. 5-2 1 25- .7 ... 0 3

17th Reg. 2048.6 45.3 293.5 340.6 126.2 15 0
31st Reg. 613.6 327.1 90O.7 IC4.2 222.6 43.5 15.9
32nd Reg. 44.3.2 390.6 572*2 232.8 174.3 370.6 0

24t .rDi. 1. W . 10 0 = -8- 100_
5th Reg. 6. 92•.1 252.8 199.6 21.5 - -

19th Reg. 80.0 2202.6 595.9 M-3.1 56.4 - -
21st Reg. 0 1761.2 316.1 219,1 38.2 - -

S',t•,.'. 2.6 68.1 _ 2. S . "
25th Irfr. Div. --'r 1 195.41. 11. Q.2 1.6 37._ 95._

14th Reg. 14.6 613.•3 83.2 14.6 0 36.4 172.6 )
Z" h Reg. 844.2 155.6 332.8 72.6 0' 112.5 0
35t... leg. 759.9 51,9.8 261.5 64.9 8.5 36.3 254.2

69.r-rt . - - 0• 0 17.6~t~h Irf. D iv. - ,ý - - - ,.I b7.6 35.•

160th Reg. 9- - 2.7 57.3 60.2
223rd Ree. - - - - 49.5 78.9 26.1.
224th Reg. - .- 260.8 49.2

- - - 0 3~.4 23.4
4th L•. Dit .. -9.2 86.2 26.6 47.0
179th Reg. - - - 0 2C6.1 3.3 81.6
180th Reg. - - - 39.0 92.2 47.4 95.4
279tt Reg. - - 0 117-6 77.4 55.0

Swv'ort - - - 1.7 4.1 0 1.7."

Vi zc. Eifhth 6.6 9.0 3.8 4.1 2.3 - 6.5
ArAy t'!.ts ...- - -

Total 229.5 350.0 92.7 r7.8 29.1 27.5 23.6

.....................
... .. .. ...... .*,. ......... "• •.

USTRICTED.-'''.-
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SAPMDUX ,TA.Z 3b RESTRICTED
Mtmmmy wN-BATTLE r;,URy .Ars (ExcLusI OF cOz INmiuRs) FOR -

DIVISIONS, REG1-)`S LND suppoin ELD{Fs, uNITE STATES Exwlnf AWN
KOREA, 1951-52

____________ 3'onth y Rate-"~r 1000 nr Annum -

Unit t. -. floV. rD^ Jan. Feb. Marchlst Cav..Div. ZS1.8 li-.1. 110.9• L.0 - - -. '•.

5th Reg. .4 113.1 124.0 66.6 -

7th Reg. 185.0 209.6 104.4 77.1. -.. -
8th Reog. 96.6 83.6 103.4 71.8 -...-

Sunrort 79.1 95.7 110. - - - -

1st Par. Div. - - 80.0 81.0 74.0 - -
2nd Inf. Div. 152.9 l14.4 120.0 1r.2 123.9 118.5 103.1

9th Reg. ZZ6.6 3j2.5 265.5 173.8 101.6 150.2 118.7
( 23rd Reg. 194.5 2C4..3 108.8 111.9 330.0 4.6.7 130.4"

38th Rtg. 134.4 1-,.2 130.7 69.8 150.7 177.2 99.0
Sunnort 69. 51.2 68.0 92.2 60.1 107.1 85.0

3rd Int. Div. 135.0 Z•O 130.8 135.7 iO.6 25.0 79.6
7th Reg. 179.4 225.0 - 27o.5 7?.,5 113.8 125.2

15th Reg. 146.8 132.2 - 97.7 104.5 98.9 91.6
65th %eg. 182.1 172.5 - 2414.8 176.9 136.j 81.2

Suncort 77. 79-8 - 44.7 41.6 6.!±3 52.5
7th Inf. Div. 119.0 1C .2 151.3 201.- 130. K26.4 10232

17th Reg. 120.7 E2.I 146.8 3'9.1 90.5 100.8 96.i
31st Reg. 133.1 153.6 241.9 198.4 151.6 1-9.9 82.9
32nd Reg. !e3.9 90.8 232.7 253.3 195.7 183.6 161.2Slooort. P3,! lC2.4! 78.6 120.9 iC41.4 101..2 88.9 :;:'L

24th .InI. Liv. 1cQ.±.5.L -.9 6'~ 110.4 67.2 --
5th Reg. 78.9 ' -2.? 193.6 2. 7.6 - ,

19th Reg. 166.9 2 -'!.9 297.9 129.3 87.8 -8.
21st Reg. 142.4 ! 61.6 119.5 152.6 I124.1 - -

Suncort 67. _03.L 1. 59.0 -

25th In. Div. 112.6 L1.7• "3aL t. 8 . 0.o 123.4
14th Reg. 76.8 152.5 181.6-1-4.1 113.7 142:5 115.1
27th Reg. 115.7 I?5.5 142.1 193.5 50.0 43. 0 39.1
35th Reg. 1 04.7 149.7 158.3 97.3 42.4 U5.5 196.9

Su rx.;-t 84.9 . 12.8 127.9 164.8 113.7 115.3 134.1
40th nf. Div. - - .- 112.7 155. 115.8

4 60th 1g. " . 69.5 15.8 155.7
223rd Re.o - 198.1 24.1 102.0
224th .- 90.3 1553

16-.2 1- .1 89..1 4 -
45•th Inf. ,3i';. - - r 15.7 153.0 191.31. 91.2

1'9th ReZ. - - 3.3 229.1 273.6 132.7
180th Reg. - - 66.0 181.7 196.4 88.3
279th Re. - - - 91.4. 20C.5 75.7

Suot - .1 111.7 111.8 ,

Misc. Eiginth 101.9 81.0 70.9 100.2 83.4 33.7 107.7

AraV UnP-e

Total 110.6 105.2 101.6 113.6 9!.8 81.-2 105.".2

437 RESTRICTED
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RESTRiCTED

* OWARIS7J OF DIVISION DISTRIBUTION OF A SLV(LE OF 275 WE~SE OF p I
FROSTBITE SELECTED AT RA'NDOM FOR PPOVSES OF QtATERY"" "+

SURVEY WITH DISTRIBUTION OF TOTAL CASES OF FROSTBITE

KOREA, 1951-52

Quartermaster Totali~lvlson Samle Cas-es "•'-

* o. 41- No. "-.-+

1st Cav. 0 - 9 1.3
Ist 'ar. 5 1.8 10 1.4
2nd Inf. 7 2.5 2L 3.4 - "
3rd Inf. 28 10.2 98 13.7- '
7th Inf. 70 25.5 200 27.9 law
24th Inf. 26 9.5 76 10.6
25th Inf. 18 6.5 1.7 6.6
4Oth. Inf. 29 10.5 61, 8.9
45th Inf. 72 26.2 125 17.5
Visc. Eighth Army Units 17 6.2 55 7.7
go Data 3 1 1.1 1 8 1.1

Total 275 100.0 716 100.1

Qd square -15•.50 df -'10 P >.10 L'+

APPMPzDIX TIBLE 4.b

COPARISO+ OF DISTRIIUTIO1 BY RACE IN A SAIPL ?OF 275 CASES OF
FROSTSB'AE SELECTZD AT RANDrOM FOR PUPOSES OF QL 'ESMA.T-

SU.."ET *WTHi DISTRIBUTION OF TOTAL CASES OF MS3TE=
KOREA, 1951-52 wv

Quartermaster Total
.ace Samnle Cases

No. % No. .

ifn!te 169 61.4 417 58.2
Negro 102 37.1 291 1.0.6
or,,olan. ,4 1.5 8 1.1

Total 275 100.0 716 99.9

Chi square -1.144 df -2 P >.50

_ RESTU!CTED
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APPENDIX TALE 5 1*

C 0AR7TS OF DIVISIoNAL }ml AGES w 700 FrtSTITE CAS" "
AND 455 BUNK-M4LATE COl1ROS•"

KOREA, 1951-52

________________ ~ CaseA s Controls

Division I
Mean Age %lean Age

No. In Years S.D. No. -In Tears S.D.

lst Cav. 9 21.3 2.31 0 -
lst Wr. 10 19.6 2.00 0 - - .
2nd Inf. 21. 21.5 -2.76 0 - -

3rd Inh. 96 5 2. 2.67 5? 22.6 - 1.9
7th IW. 198 21.7 ±2.16 162 22.3 ±2.61
24th Inf. 75 21.1 .2-4) 47 21.7 ±1.97
25th Inf. 1.6 ;1.7? 2.88 11. 21.8 ±1.69
1.0th mnf. 62 22.1 ±2.23 58 22.8 ±2.10

!~ic ihhAm nt . 24 *045th Wn. 125 22.2 ± 7117 23.0 ±27

Tota 700 21,9 _± 2.55 155 22.5 ± 2.47

RESMIT1ED~
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APPENDI TAm 6..

RELATION OF AGE TO DEGREE OF IJURIY AWIG 336 WHITZ CASES
OF FROSTBITE OF THE FET

KOREA. 1951-52

Age De of ny"-"
last Birthday o'iry_____

In Years) First , Second Third Fourth Total

17 2 1.3 1 0.9 0- 0- 3 0.9
18 12 7.?5 6 5.6 3 5.4 2 14.3 23 6.8
19 19 11.9 8 7.5 5•8.9 0 - 2 9.5
20 17 10.7 5 4.? 610.7 0 - 28 8.3
21 29 18.2 18 16.8 9 16.1 /* 28.6 60 17.9 -

21. 15.1 21 19.6 15 26.8 4 28.6 64 19.0
23 31 19.5 28 26.2 10 17.9. 2 14.3 71 21.1
24 12 7-5 9 8.. 3 5.4 2 14.3 26 7.7
25 8 5.0 2 1.9 0 - 0 - .o 3.0
26 0 - 4 3.7 2 3.6 0 - 6 1.9
27 1 0.6 0 - 0 - 0 - 1 0.3 ,'
28 1 0.6 - 0- 0- 1 0.3
29 0.6 2 1.9 1 1.8 0 - 4 1.2
30 2 1.3 2 1.9 0 - 0 - 4 1.2

31 0 - 1 0.9 0 - 0 - 1 0.3
36 0 - 0 - 1 1.s 0 - 1 0.3

03 -0 01 - I1 1.6 0 1 1 '3

Total 159 99.8 107 100.0 56 100.2 14 100.1 336 100.0

.!ean
(In Years) 21.6 22.2 22.2 21.6 21.9

S.D. ± 2.34 ± 2.52 ±3.48 +1.90 ±2.62

RESTRICTED
40Itua"",
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APPENDIX TABL 6b

RELATION OF AGE TO DEGREE OF INJURY AMONG 237 REGRO CASES
OF FROSTBITE OF THE FEET

KOREA, 19.51-52

Age _____of____r

Last Birthday
(In Years) First Second Third Fourth Total

__0.1_%_ No. % No. % No. No.~

17 2 2.4 0 - 2 2.8 1 7.7 5 2.1
182 2.4 5 7.4 4 5.6 2 15.4 13 5.5

19 10 11.9 6 8.8 7 9.7 0 - 23 9.7
20 7 8.3 9 13.2 13 18.1 0 - 29 12.2
21 17 20.2 17 25.0 21 29.2 5 38.5 60 25.3
22 19 22.6 12 17.6 12 16.7 5 38.5 1.8 20.3
23 14 1 -6.7 8 11.8 2 2.8 0 - 2l4 10.1
24 3 3.6 7 10.3 5 6.9 0 - 15 6.3
25 4 4.8 01 - 2 2.8 0 - 6 2.5
26 3 3.6 3 4.4 2 2.8 0 - 8 3.4 '6

27 1 1.2 1 1.5 2 2.8 0 - 4 1.7
30 1 1.2 0 - 0 - 0 - 1 0.4

12 1 1.2 0 - A0 - 01 - 1, 0.4

Total 84 100.1 68 100.0 72 100.2 13101237 99.9

%1ean
(In Years) 21.9 21.5 21.2 20.6 21.5-

S.D. + 2.47 ±2.03 ±2.13 +1.83 f±2.23

RESU.hACTED
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AP.PE21DIX TABLE 6c

ATIO. OF DEGREE OF INJURY TO AGE A.ONG 56 WHITE CASES
OF FROTITE OF THE HANDS AILNE

KORFA, 1951-52

Age - . pree of Iniurv ...
Last Birthday

(In T'ears) First Second Third Fourth Total
No. % !1.- ,o mso.

18 1 5. 1 3.2 0 - 0 - 2 3.6
19 0 - 4 12.5 0 - 0 - 4 7.1
20 1 5. 6 19.4 0 - 0 - 7 12.5
21 2 10; 6 19.4 0 - 0 - 8 14.3
22 3 15. 5 16.1 0 - 2 50.0 10 17.9
23 4. 20. 5 16.1 0 - 1 25.0 10 17.9
224 4 20. 2 6.5 0 - 1 25.0 7 12.5
25 1 5.1 0 0.0 0 - 0 - 1 1.8
26 2 10. 0 0.0 1 100.0 0 - 3 5.4
27 1 5-. 0 0.0 0 - 0 - 1 1.8
28 0 - 1 3.2 0 - 0 - 1 1.8

' 33 0 - 1 3.2 0 - 0 - 1 1.8
35 1 5.C 0 0.00 - 0 - 1 1.8

" Total 20 100.C 31 99.6 1 100.0 4 100.0 56 100.2

(In Years) 23.7 21.7 26.0 22.8 22.6

S.D. ±3.51 ±2.84 - F 1.11 ± 3.-0

"442
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APPEDIX TABLE 6.4

RELATiCiI OF DWREE OF INJURY TO AGE AMONG 4.4 NWDR0 CAM
OF FROSTBITE OF THE HANOI ALONE

KOREA, 1951-52

Age Deree of .n°u -.

last Birthd.%Y I_____
(in Years) _First Se ond Th rd Fourth Total

No. no. ?10.

ii _-._______ T_ ____TN.

18 0 - 2 7.4 0 - 0 - 2 4.5

20 250 2 7. - - 4 9.1
2.1 1 12.5 2 7.4 0 - 0 - 3 6.e

6 2.2 5.1 10.0 15 34.
2311. 220-0 - 7 15.9

24__ __ __ -__1._0 - 0 9.1
25 0 - j 1J.1- 0 - 0 3j 6.8

Total .0 4 99.9

o 100.0 27 • 9 7 100.0 2 100.0 449.

Mean
(In Years) 21.1 22.1 20.7 22.0 21.7

,D. ±21.45 2.0 + 1.73 - - 1.85

RESTRICTED
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APPDIX TAML 7a

DISTRIMT10N OF 70!. CASES OF FROO.BITE ACCORDDIG TO DIVISION 010 RANK
KOREA, 1951-52

lst Cay. 1st Mar. 2nd mIn. 3rd Inf. 7th Inf.
Rank Div. Dv. i v. Div. D_ v.

1110 "10. %. No3j. _f No.~
Private 1. ,A.O. 1 10.0 6 25.01 33 34.O 76 38.2
Plc. 5 55.5 5 50.0 7 2).21 36 37.1 79 39.7
Cpl. 0 - 41. 0.0 8 33•3 19 19.6 32, 16.1
sit. 0 - 0 - 3 12.5 8 8. 11 5.5
Co. Gd. Of f. 0 - 0 - 0 - 1 1.0 . 1 0.5

Total 9 99.9 10 100.0 24 100.0 97 99.9 199 100.0

24th Inf. 25th Inf. 40th Inf. 45th Inf. Vitsc. Z th

Bank Div. Dv. Div. Div. AnT UnLts

Private 24. 31.6 19 LI.3 10 15.9 39 31.2 19 34.5
Prc. 38 50.0 16 a2... 30 47.6 1.6 36.8 16 29.1

Cpl. a 10.5 6 13.0 16 25.4 15 12.0 115 27.3
So- 6 7.9 5 10.9 -6 9.5 24 19.2 3 5.5
Co. Gd. Orf. 0 - 0 - 1 1.6 ) 0.8 2 1.6

Total 76 100o0 46 1N0.0 63 100.0 125 100.0 55 1- .0

MESTRUCTED
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APPF2DIX TABLE 7b

DISTRIMrMIO OF 455 .a-:-,-VATE CONTROLS AC.OOBDI TO DVhISION At, RAWK
* EKORA, 1951-52

1st Cav. 1st Yar. 2Id fnt. 3rd Inf. 7th Inf.
Rank Div. Div. Div. D1v. Div.

?T .! No. ._,[ , i..o. *:0.

Private 0 - 0 - 0 - 13 22.8 19 11.7
Ptc. 0 - 0 - 0 - 24 1.2.1 70 43.2
CrI. 0 - 0 - 0 - a 14.0 41 25.3
Sgt. 0 - 0 - 0 ' 12 21.0 31 19.1
Co. Gd. Off. 0 - 0 - 0 - 0 - i 0.6

Total 0 0 - 0 - 57 99.9 162 99.9

,24th W. 25th Inf. 1.0th Inf. 45th Inf. YFsc. Eighth
Rak Div. ,,Div. Dt.v. ,,,.Div,. ,,r7Units

:o.re. Noo..

Private 6 12.8 3 21.4 3 5.2 14 12.0 0 -

Pfc. 21 14,.7 5 -',7 15 25.9 33 28.2 0 -

CMl. 12 25.5 3 2-.1.' 16 27.6 33 28.2 0 -
Sgt. 8 17.0 3 21.t. 22 37.9 37 31.6 0 -

CO. Od. Off. 0 - 0 - o.L, 0- 0 -

Total 47 100.0 14 99.9j58 100!.0 117 7100.0 0..

RESTRICIEO
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APPEND~i TABLE 8

DISITRIEBfTICt OF 700 CASES OF FROSTBITE AND 455 fL!.r-', T' =,-11013LS
ACCORDING TO RANK AND DWMSITY OF ACTrVr DUMJIG EPOSU

KOREA, 1951-52

C AS COMM~fLS

ACTZIVTY Group I Group II Group I Group II4 *, ** ..AC .. 'o.

__________________*Ranks Riknks Ranks PRanks

sleening 27 3 0 1
]ling, sitting or kneeling
with no rovenent 62 6 133 is"'"'

SLying, sitting or kneeling
Swith little cove--,!nt 171l 101 L..2.
_' St--v'ý th no r.wit-nnt 16 *J 1 2

z St wir.,n? ith Ittle r.ove=-nt 172 21 1 -

Subtotal 4.53 56 186 65

l~ynZ, sitting or kneeling
,. Ith considerable _•Ovi--.!nt 15 2 1 57 1is..

Staniing with considerable
~ v~~nt~ .~. j 12

SWalking with infrequent
S�b sm�. 5 1 10

Vilkin with fremeount breaks 69 S 26 1~

Subtotal 173 18 153 5

Total 626 71. 339 116

*Group I Ranks- Pvt. thru Corporal
* Group 1I Ranks - Sgt. thru Field Grade Officer

UM 1,lCTED
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10821, 1951-52

Total White Cases Westo Cagses 5 "
unit Cases Negroes

H-3. go. in Unit

lit Cay. Div.
5th Reg. 4 3 75.0 1 25.0 7.2
7th Reg. 2 2 100J) 0 - 1..?
8th ReR. 3 -1 33.3 2 6.7 5.S

sit Mar. Div.
le• Reg. 1 1 100.0 0 -

5th Reg. 7 6 85.7 1 14.3 -

SuDort 1 1 100.0 - -
2id Int. Div.

9th Reg. 1. 3 7ý5.0 1 25.0 6.8
23rd Re. 3 0 3 100.0 8.2
:38th Reg. 10 7 70.0 3 30.0 6.7

u=,,ort 6 3 0.0 3 50.0 -

3rd Inf'. Div.
7th Reg. 3. 13 38.2 21 61.8 17.1
15th Reg. 17 9 52.9 8 47.1 17.7
65th Reg. 38 25 65.8 13 34.2 16.3

Sw-,ort 6 _ 3 150.0. 3 50.0 -
7t.h Inf. Div.

17th Rag. 132 83 62.9 49 37.1 12.0
31s•Reg. 22 11 50.0 0 50.0 81.6
32ih Reg. 28 10 34.5 19 50.0 12.5

Sir¶ort 4 . 2 50.0 2 50.7 -

20th Ina. Div.

5th Re. 34 10 29.4 24 70.6 15.0

19th Reg. 8 24 50.0 . 50.0 16.1
21st. Reg. 23 1 2 .2 23 95.8 16.6

St"nnart ,10 6 60.0 4 0.0 -

25th In.!. Div.
14th Reg. 6 3 - 6 100.3 10.4
27th Reg. 1 1 100.0 0 2 8.9
35th Reg. 29 10 81.5 19 65.5 8.6

Su9ort 3 2 3.3 6 66.7 -

40th Ins . DIv. U 50
160th Re9. 28 209 5.97 2 14.3 6.14.
223rd Reg. 23 22 95.7 1 4.3 4.6
224th Reg. 6 5 83.3 1 16.71 4-9._i,;r'ort. S S 100.0 0 - :

45th Inr. Div..,
179th Reg. 30 26 86.7 - 13.3 1.5.-

/:180th Reg. 53 43 81.1 10 3.8.9 1.6.'
279th Reg. is 13 72.2 5 Z7.8 1.5 -

Suon•ort .23 22 5L- 4 .3 -

Hlist. Eip.hth Arm Units 55 22 40O.O 33 60.0 - "-

Total 694 40 58.9 295 _1 .41-1 4-

IL REJISTUICTEO .
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APPV=D TAB1Z 10 . RSTRICTED
COMPARISON OF MEAN AGE AT TIME OF INJURY BETWFM NEGROES AND 1Wk= .

FOR FROSTBITE CASES, EPID-0.OLOGIC C(rRO1S AND PRFEXPOSURE CO=7=R3LS
KOREA, 1951-52

Cases -pidemiologic Pre-b posuri
.Controls Controls

No. Mean S.D. No. I ean S.D. No. Mean S.D.
IAge in Age in Age in
Y Year.s [ a'rs Years

Wie4091 22.0 ±2.618 4104 22.5 + 2.53 1301 21.7 2.41
Nero. 21.6 472.20 37 21.9 .L.9 277 21.6 +2.14-

TOTAL 696 21.8 ±2..9 1411 22.5 ±2.47 1578 21.7 _2.62 -')

t - 2.352 t - 2.466 t 0.807
P <.02 P <.01 P >.10

APPV=D TAEIZ n.
/

C/CPARII OF 693 CASES AND 441 BMI(M-P.ATE C0(TE0LS WlTH-
RESPECT TO RACE AND RANK

KOREA, 1951-52

White _e_____"._.-,"

Rank Cases Controls Cases- Controls

N It.3 %10.6/ No. •'

Private 110 2?.0 43 10.6 117 40.9 14 37.8
Pfc. 164 40.3 148 36.6 110 38.5 17 45.9
Cpl. 73 17.9 104 25.7 47 16.4 lO 10.8
Sgt. 51. 13.3 106 26.2 12 4.2 2 5.16
Co. Gd. Officer 6 1.5 3 0. 0 - 01 -
TOTAL 4.07 100.0 404 "9.a 286 1 100.01 37199.9

Chi square 53.325 1.330

P <.001 >.70

White cases vs Negro cases: Cht sa-_,_re - 29.616 df 4 1 P <.001

FEST•ICTED
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APMiID!U TABLE 12

DISTRIMIITION OF 692 CAME OF FROMMIT AND 2.37 EPIMU4IXtIC
CONTROLS ACCORDING TO'RACE AND LOCALS OF USIDMIC

KOREA, 1951-52

Rural IUrban IRur1id Urb~an

Cases 1011306 51.1231
Epldemiolopic Controls 97.2 '30 5-~ 32f

TOTAL 98 609 59 263

Comparison Chi square p

White -ases vs White
codmooi cotrls 0.2 >.ISO

Negro cases V3 Negro
eold!,r.olcnic controls 0.31t >. 50

'White cases vs Negro
Cases 3-2 >.05

White controls vs Negro
controls 1.624 ~ >.20

t

449
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APPENDIX TAMZ 123

VxrRIsrmIof OF 683 CASES M 440 CONTRCLS ACCORDDI TO •AC
AN~D LENGTH OF TIME DI XKRA

"oe.EA, 1951-32

*White _______

Days ".

in Cases Controls Cases Controls
Korea •. Lt. ?.no. f• No. % No % o. ,._

1-30 73 18.2 80 19.9 32 11.3 3 8.1
31-60 102 25.4 71 17.6 35 12.- 3 8.1
61-90 62 15.5 65 16.1 44 15.6 9 24.3
91-120 36 9.0 1.2 10.4 1.0 14.2 3 8.1

121-150 36 9.0 12 3.0 35 12.4 5 13.5151-180 25 6.2 36 8.9 20 7.1 4 10.8 i',,

181-210 12 .0 35. 8.7 13 4.6 .2 5..
21n-240 53 13.:2 30 7.4 61 21.6 7 18.9
Over 241. 2 0.z5 32 7.9 2 0.7 1 2.7

TOTAL 4.01 100.0 403 99.9 282 99.937 99.9

HEAR 93.7 93.9 120.9 1 24.r

S.D. . 69.99 ± 69.15 ± 52.83 , 67.88

White cases vs Negro cases: t - 5.779 P "0.01

L
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APMDDIX TAKS A4

RACIAL CORPARISCI OF 672 CAME OF FROSBITE AND 44.2 00NTROLS
'WITH RESMET TO NUMI OF DAYS IN CMIBAT

KOREA, 1951-52

-Ik

",. No. TNo.TNO

0-15 121 30.1. 106. 26.2 69 25.2 5 13.5
16-)0. 8 22.41 73 18.0 35 12.8 fl 29.7
31-45 417 11.8 51. 13.3 18 6.6 4 10.8
4.6-60 29 7.3 31 7.7 21 7.7 0 -
61-75 17 4.3 17 .7 4.2 18 6.6 2 5.4.
?6-90 16 4.0 20 4.9 .23 8.4 6 16.2
91-105 17 43 19 4.7 15" 5.5 . 2"7

106-120 13 3. 10 7.4 20 7.3 3 .8.1
12-135 91 12.3 517 .13.6 5 20.1 51 13.5

*-TOTAL 1CO.O 40 1.0 274 100.2 37 99.9

MAN (days, 46.2 53.0 62.6 58.7

S.D. 141.78 ± 43.74T± 16.49 ±42.54

White cases Vs Negro casess t - 4.704 P <.001

451
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APM~DIX TAME 15

RACIAL COMPARISCII OF 652 CASES OF FROSTUIT AND 44.2 CONMMRLS
WITH RESPECT TO MMH OF DAYS IN COt{PT WITHOLMT REST

KOR, 1951-52

Days In 'White 4

Wtot Cases Controls ±C~es Contros
Rest

.~~10 .. o . . •1-

0-4 10 25.3 81 20.0 91 34.6 11 30.6
5-9 .82 20.8 100 24.6 42 16.0 .5 13.9

106-14 54 13.7 116 28.6 24 9.1 9 25.0
15-19 4,0 10.1 60 14.8 19 7.2 10 27.7
20-24 17 4.3 15 3.7 13 4.9 1 2.8
25-29 14 3.5 9 2..2 6 .2.3 0 -
30-34 36 9.1 17 4.2 14 5.3 0 -

35-39 11U 2.8 2 0.5 2 0.8 0 -

TOTAL 395 100.0 1.6100.1 263 100.0 36 100.0

MkLIi (days) 16.0 12.1 16.6 10.4

S.D. [ 13.42 S. 845 . 15.41 + 6.28

W~hite cases vs Negro cases: t. 0.515 P X.60

RESTh I•D E::

Sr~uij IEYib
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KOREA, 1951-52

_____White H femr ____

Prov~ous Cases Controls* Pre-bcT. Cases Controls* Pre-Exp.
Cold _____Contrcis __Conrtols

_o . No % NoJ No. % r'.

None 302 78.2 353 88.2 1-109 tý7.1 225183.4 33 91.7 240 87.6
Fotte 80 20.7 I38 I9.5 148 IU.6 45116.6 0 -. 33 12.0

Trencbfoot 1 0.3 2 I0.5 5 0.4 0- 0 - 0 -
Chilblains 3 . 1.8 3- 0.9.2 n - __2.2 8.31 1 0.41

-TOTAL M 6 10D0.o 400 100O.0 1273 100o.0 271 jioo.0 36 100.0 274 100.0

I-, ,- -- o .-

Od. square - 2o.652 22.035 - 28.656 3.31.8

dr 30- 2 2

P<.001 < -0 <.001 >.10

White cases Vs NeGro cases: Chi square -5.413 df -3 P >-10

*From, Epidemiologic s.vey

RESTRI!CTED
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RACE AND HISTORY OF PRt-. .AS ILLESS,
KOREA, 1951-52

White ______neero

Previous Cases Controls* Pre-Exv. Cases JControls* Pre-Exn.
*Illness Controis Ccntrols

No. f No. 0. 'w No. "t No. No.

None 33L. 79.9 286 71-0 577 61., 3 ;23 76.9 7I 56.7 112 59.3
Fevers 3 0.7 30.7 23 2.L5.51.7 1 3.1 6 3.2
Pneumionia 59 UL.1 72 17.9 229 2L-3 35 12.1 6 20.1.* 441 23.3
Jaundice 0- 11 2.736 3.8 1 0.3 0- 3 1.6

Oalaria 19 L .5 20 5.0 53 5.6 131 451 3 10. 12 6.3
Raynauds 3 0.7 1 0.2 0 - 0 - 0 - 0 -

FHe zmturia 0 - 8 20 15 1 . 2 0.7 2 6.7 1 0.5
S'Mhilis 0 - 2 0:5 e 0:9 11 1. 1 3.3~ 11

TOTAL Li1s 99.9 1.03 100.0 1941.1 99.912901 100.01 30 1100.0 1189 1100.0

White cases vs Negro c ases: Chi square- 2Ex .La6 d o o 7 P <.001

*From Epidemiologic survey

RESTRICTED
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APPENDIX TAMSE 1.

0C2 jW0? EXT~zrr 0?F SIOKD A7mC.0 684 CAME

oF FRosTBIT AN~D 431 CONMRLS
KOREA, 1951-52

( cigarettes W teo ~ jje~ e

No. UN No. 4 F o.

1/2 Pack daily 93 23.1 U5S 40.9 54. 13.6 10 2.

1 akdiy 155 3S.5 85 30.2 160 4.0:4 14 WO.0

1-3./2 Packs daily 39 9.7 14. 5.0 52 13.1 2 .

2 Pak al 0 74 16 5.7 43 10.9 .1 2.9

Over 2  cks 2.11 1 .8 1 2

TOTEL 1.03 ý100.1 21 000396 100.C 351 100.1

MEH0.8 0.7 1.008

SOD. 
.1.1 ~ 0.52. ±1 0. 6,71 *0.57

WhOite cases vs Negro cases: t. 2.752 P 
710
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X-!MDIX TP.LZ. 19

CC01ARISON OF 669 FROST!rre CASES AND .43 COVROLS WITH RESPE(,T
TO RACE AND NUMBER OF HOU.RS MTWE4 LAST PEAL AND ONSET OF FROSTBITE

KOREA, 1951-52

White .!e, ro
Number. 7-
of Cases Controls C ases Controls

H o u r sN o %N 
.No flI % .

0-6 .202 51.1 167 41.1 137 50.0 14 37.8
.} ; 7-12 137 34.7 165 40.6 92 33.6 17 45.9

13-18 40 10.1 54 13.3 29 10.6 3 8.1
19-24 14 3.5 17 4.2 12 4.3 3 8.1
25-48 2 0.5 1 0.2 3 1.1 0 -
49-72 0 - 1 0.2 1 0.4 0 -
73-96 0 - 0 - 0- 0 -
97-120 0 - 1 0.2 0 - 0 -

S121-14 0 - O - 0 -

TOYTAL 395 99.9 406 99.8 274 100.0 37 99.9

MUA• 7.70 8.62 7.88 9.00

S.D. ± 5.0207 ± 5.14"8 + 5.2162 + 5.4388

White cases vs flegro casest t - 0.443 P >.60" i6 ...._ _._ _

i456
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VKOREA, 1951-52
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N. N
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! - RESTRIICT'ED

CsMARISON 0 3 CAS OF FROSTBITE A63 0. 39 C184 ROLS 45TH 371E C4
TO RACi 218 TYPE OF 46. LA0 5.T14

KOREAj, 1951-52

. White Xe•-

T~re, of Weal Cases Controis Cases• Contr~ols

C Ration 163 j40.6 18B, j,5.8 12 I ? 16 •,.
8 Ration 2181 46/1834•6.8 1601 56.7 I 7.
"Individual roed .acket 5 1.2 0 - 1 0.4 0 -
'lative food 1 0.2 0 - 31.1 0 -
Less than C Ration or
Individual food oacket 14 _.,j J0 •-5 6 2.1 7 .

TOTAL 9 4021 100.1 282 100.0 37 99.9

white cases v- Negro cases:. Chi square - 4.621 df - 4 P >.30

RKSTRICTED

r-

a.. " 457'

................................... ................,.... .. .

, i i i I I I I I I I I II I I Ip ,



.... . . . ....

..4

APP1DUI TABIE 21

DISTRIBUTION OF 572 CASEM O? FROSiBITE OF THE FEaT AND 444 OMTROLS
ACCORDING TO RACE AND .TYPE OF FOOTGEAR WORN AT TDM OF DIJURY

KORU, 1951-52

WI I a N
?ypt of Ie!
Footgear worn Cases Controls •AeS Controls

_______No. %_ No __ NO.

Boots, service, _ I
con S. isset 60 17.7 92 22.6 52 I 22.3 10 27.0

Boots, sor-ice, I .t
Ce)b-a 2z'-bckle 81 23.9 S0 12.3 •55 23.6 13 .1

Boots, leather,
with overshoes 1 0.3 2 k.,,.5- 1"I O. 0r .

S~~c*185 54621 21._ -

Boots, combat, - _ __-

rubb~r. .n-nned A 2.14 49 1148 A J. 6 16.2
Se s e 2 0.6 02 0

TOTAL 339 100.1 407 100.0 233 99.9 37 99.9

White cases vs Negro cases: Chi square - 3.120 df - 6 P >.70 .

458 5.
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APPENMI TAME -20

MViPARISOt OF 683 CASES OF FROSTBITE AN1D 439 omTROL wITH RwEcT
TO RACE MJD TYPE OF YMLAST EATENi

KOREA, 1951-52

* .Wmhite ________

Ty-,6 of V'eal Cases Controis Cases Con rols

No. 11o. No. No.

K Paio54._ . 1.8
Irlividua1. food rric ket 5 1.2 G - 1. 0.4 0 -

Naiv foo 1 0. 2 .. -o"11

Indi.vidual~ fo~d ný!e 0_.5 6 2.__1.

TOTlAL j401 j99.940 100.1 2d;2J100.0 37 99.9

White cases vs Negro cases" Chi squire 4.621 df 4 P >.30

* RESTRICTED
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A M3D11 TABLE 22

MC•AIR O 559 CASS 0F FROSTBT OF THE FEET AND 443CONTMLS
WT HZV TO RACE AND EM FTWMZA CARRIED AT THE TDM OF 311JURY

KOREA, 1951-52

White KimNe~re _.

Extra Footwear .*
Cazried Cases Controls Cases Controls

p. ___ __~No.~ % No~.

""Vxtr* 30"- 99 320.2 69 41.6 J70 L 7. 2, 64..9-
Extra socks and r

insoles - 11.6 35.0 .126 .8.3 TO 30.7 7! 18.9 1'

So extra socks
and no insoles 90 27.2 31 7.6 69 30.1 5

Extra insoles but.
no extr-. socks 5 1.5 4 1.0 1,3 0 -

Extra sorks but no
extra tnoles 21 6.3 6 1.5 16 ý7.0 1 2.

TOTAL 331 100.0 406 100.0 22n 100.0 37 100.0

White cases vs Negro cases: Chi square - 1.4.20 df - 4 P >.80

RESTRICTED '
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KOREA, 1951-52

Average chanige
of socks Icases.IControls~as C o4 al

No. °10 1.o c

Every day 234 713 304 7T4.9 133 58.8 23 62.2
Every othe-r day 56 17.1 61 15.0 59 26.1 R1 297•
Every thiTd day 20 6.1 16 3.9 17 7.5 3 8.1
Every fourth day 7 2.1 9 2.2 6 2.7 0 -
Every fifth day 4 1.2 1 j0.2 1 0.4 0 -
Every sixth dayr 7L 2.1. 51 3.7 10 14.14 0 -

* ~~TOTAL 3l 9. 406 :99.926 99 37 100~.0

MEW 1.51 1.49 14-3 1.46

S.D. ±1.0359 ± .01 ±1.2020 *0.64.07

White Case& vs Negro cases: t .2.231. P ..

, -1
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A P rI D I X T A Z 2 4. .- ,

RACIAL COMPARISCH OF 0? .GE CUME OF INSOLES Jt.0 260 CASES
OF FROTBITE A'D 219 CONTROLS WEARING S•OEPACS

1951-52

I -, White _ _ Nev."
Avegaee change
Of insoles CASs, Controls Cases. Contols--

_ _ _ _ . No ?3 Nno.,

Every day 131 78.9 164. 78.0 69 73.4. 6 66.7
EVery other day 26 15.7 32 15.2 17 18.1 "2 22.2

Every third day 5 3.0 6 2.9 5 5-3 1 11.1

Every fourth day 0 - 2 1.0 0 - 0 -

Every fifth day 0 0 0 - 0 - 0 -

Every sixth day 4 2.4, 6 2.9 .3 3.2 0

TOTAL 166 100.0 2 10 0.0 9 100.0

MEAB1.31 1.38 1.4,5 1.4'""

S.D !_ 0.751 __ 0.9600 __ 0.9960 *_ 0.7700 ..

S.D. 0.8751 0.6 1-70

White cases vs Negro cases: t - 0.892 P >.30

RESTRICTED
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APPENDIX TABLE 25

RACIAL COMPARISON OF' INTERVAL SINCE LAST COANCE OF SOCKS MEORK DNUR?
AMONG 565 CASES OF FRCSTBITE OF THE M-T MD 44O5 OROLS

KOREA, 1951-52

socks Before Ca ses Controls Cases Controls

.o. No. g-o

Less than one day 219 66.2 235 57.6 142 60.7 18 48.6
1-2 days 78 23.6 129 31.6 57 24.4 15 40.52-3 days 13 3.9 30 7.4 17 7.3 3 8.1
3-4 days 1.1 3.3 8 2.0 4 1.7 1 2.7
4-5 days 0 - 1 0.2 2 0.9 0 -
Over 5 dasv 10 3.0 L 1.2 12 I 0 . I

* ~~~~TOTAL33 10. C 10. 23 10. 3799

HIU• 1.06 1.09 1.23 1.15

S.D. .±1.0621 t0.8861 ,11.2541 t 0.7431

Wnite cases vs Negro cases: t - 1.692 P >.05

TS1CTEf
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KOEA 1951W5

"-ND Am It. % No. .. .;'It

Socks, w9ool,

I

Socks, wool,
cushio~n sole 1 pr. 1230.2 11.7 22 .4 21 J.~ 22 0.

Socks, wool, r...
-sks , 11L 1 12 3.0. 27 ..6 2 5.
Socks, U-00l, .Zs.
r~tt2 pr. _.41 0 27.0 5 19.6 4_

Socks, wool,
sski- or. 110.2 5 1.2 2 0.7 0

cuho oeand- _

SOe&S. uxeol -ski 7.1. 6 IM 2 6 .8 ~ ~ j~
No sock30.7 0 - '0.7 0

AL 9.9 404 100.0 281 100.0 37 100.0

White cases vs Negro cases: Chi square 21.050 df 6 P <.01

RMSTCTED
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APPNDIX TAMS 27-

RACIAL CCSAARLSO OF 00NDITIIOt OF FFP1T AMI4G 678 CASE
OF FROSTBMF AND 439 CCt4MLOI

KOM, 1951-52

-% - -

White___ with w t 0.525..

Wetnwithom 1.8 1 02 4 .

•of Foot Caes Cntrols sej Oontrole- '•-

I '-] 
.

Wet with mud J.1,8 1 0.2 4 I •14' 0 -

Wet h snow 8 20.6 7 18.9We, rom wading .... .
in water 18 is .5 1.2 8 2.9 0 -

"TOTAL 398 100.0 2 99.9 280 100.0 37 00.0

Whit* Cases vs Negro cases: Chi square * 8.163 df - 4 P >.05

APPENDIX TABLE 28

C•PARIS•0I OF 136 VHITE ALD 105 NECRO CAMS OF FSTBITE OF TME FM",
IN LEATHER CCI2T BOOTS WITH RESCT TO O,•DrrMN OF THE FEET .M

KOREA, 1951-52

Le ather Cmbat Boots

Condition of Feet White Negro Totals
Cases Cases

N~o . % No . N O .• %•" '

Dry 31 22.8 35 33.3 66 27...
Wet from sweat 20 14.7 14 13.3 ]34 1..1
Wet from snow and mud 77 56.6 51 48.6 128 53.1
Wet f rm wading in water 8 5.9 4..8 13 5..4

TOTAL 136 100.0 105 100.0 241 100.0

Chi squAre 3.360 df 3 P>.30

L.IUICTE-
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APPENDIX TAME 29 t . .u"

CARISON OF 182 WHITE AND 114 NECO CASES OF FROSTBITE OF
THlE FEET IN SHCEPACS, WITH RESPECT TO CON~DITIONI OF THE FELT

KOM, 1951-52

Shoe.en______
Condition of Feet

White Negro Totals
C&ses Cases

Der 477 25.8 34 29.8 81 27.4"

Wet from sweat 117 64•.3 71 62.3 188 63.5
Wet from snow and mud 9 4.9 7 6.1 16 5.4
Wet from wading in water 9 4.9 1.8 1 3U.7?

TOTAL 182 99.9 fli 14 000296 100.0

Chiip-are -2.5% df 3 P >.30

APPENDIX TABLE 30

s C�COM*PARISON OF 8 WH8I•. VID 8 NMRO CASS OF FROSTBITE OF TI•E FEET IN
DISUIATED RIUYB BOOTS WITH RESPECT TO CONDITION OF MH FEET

KOREA, 1951-52

I-- ° Insulated Rubber Boots
Condition of Feet . .

White Negro Totals .. ,•

Cases Cases " .. '

No. % o.No. ro.

Dr 1 12.5 1 12.5 2 12.5W" et from sweat 7 87.5 7 87.5 14 87-5 ,--

Wet from snow and xud 0 - 0 - 0 -

Wet. from wading. in water 0 - 0 - 0 - .-

TOTAL 8 100.0 a 100.0 16 100.0

RESTRICTED
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APPE4DI TAMZ 32Sl* i"

; , t t. I N . %

G. -- I

Glove, i. onl 6. 5. -

- ----. - -- ,...-,......,

APPENDIX TAMLE 32 3I .

RACIAL C(FARIS FO! OF I{IDWEA I2R AM

177 CASES OF FPLSTBITE: OFM 436 cnioDs

KOREA, 1951-52

Wieite Nero

Hands Hwa

• _ _ _ _ _ Ho. 1 o. t"

y ittens, 6c71ete 33 31.7 22 30.1 35 ?-.Mtitten, shefl on3 1 1.0 •1 1.1, I .

itten fro s eats o2~ 5. 147.8 21 7.6 1 2.8
Welfomes w oater 54 3. 27 6.8 33 15.20

* Glove, shali only 0. -- 1 1o.

:lo tplvs . . i8.. 12 0.4 0

-- OT3L7 1014 100.0 27 100.0 0.

Cca. sqe-s i-3.u9 1.-96 P >.70

KOaHKA, 1951-52 ''..-

• 4. }White __ e_____-
of Cases C~o~'t'ols Cas+es Co•+.LoZs i•i-+

Han. s __.__ rio, IL i•I
Dr'7 306 "77.1 326 81.5 222 79.9 35 97.2 "'
Wet frog sweat 32 8.1 47, 11.8 21 7.6 1I( 2.8 ,
Wet tron water 54 13.6 27 6.8 34 32.2' 0 -- •.
"Wet, from other..+.I...
!linuids • 1.3 0 -- 1 o.4' o --..... ,

Whte ae vs Z leoro case Chisoure. 1.95 do.f - 3• P>o.o .0.

4.•-,• EE•:C~M-TEED. iiii
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APPENDIX TABLE 34

RACIAL CWARISOH OF ACTIVITY AT TI1E OF 711JM~ AMONG
686 CASES OF FROSTBITE AND 441 HB3NKEP -MATE COMM~l

KOREA, 1951-52

I Wh teL..... fie ro

Activity Cases Controls Cas'es Controls
__________________ o. rzL . No. fl. 4p o.

Sleeping 12 3.0 10.2 176.0 0 -

Xyir,, kneeling, or sitting -
no movement 41 10.2 48 11.9 27 9.5 2 5.4

Lying, kneelirg, or sitting -

little imvement. 116 28.9 129 31.9 76 26.8 6 16.2
Lying, kneeling, or sitting -

considerable movement 7 1.7 60 14.9 9 3.2 9 24.3
Sta:-dlng with no move~zont 9 2.2 9 2.2 10 3.5 3 8.1
Sta:-ding with little movr~ment 117 29.1 37 9.2 79 27.8 8 21,6
Stan~ding with considerable

movemenit 19 4.7 58 14.4 18 6.3 3 8.1
Walking with InfrequentI

breaks 301 7:51 251 1.21 24 8.51 4110.8
W-akiny with frreuent breaks 51i~ 12 ol 7 2± 24 8.A.5 2 5.

TOTAL 402 100.0j404 [100.1 2~84 100.1 347 99.9

Wthite Cases VS Negro 'ras.-s: Chi square -10.170 df -8 P >.20

466



APPZ-D1X TABLE 35 MIIESRWT

C.2ARISON OF DURATION OF. EXPOSURE FOR 358
W•ITE• .OD 260 !'G-RO CASES OF FROSTBITE

KO2 2-A, 1951-52

Duration of Exposure White Nerro
in Hours . . .No. % No. %

0-4 140 39.1 114 43.8
4.1-8 99 .27.7 74 28.5
8.1-12 64 17.9 41 15.8

12.1-16 31 8.7 15 5.8
16.1-20 8 2.2 2 0.8
20.1-24 16 4.5 14 5.4

TOTAL 358 100.1 260 100.1

1ZAN (flours) 6.6 6.3

.S. D. % 5.35 + 5.30

t - 1.246 P>.20

APPENDIX TMZLE 36

RACIAL CMPAP.ISON OF PERSO!•AL HYGIENE
AM.NG 1556 PE-FEXPOSUR CONTROLS

KORA, 1951-52

Personal White Nero
!'ygiene iA *:o. %• Io

Excellent 208 16.2 14 5.1
Good 948 74.0 203 73.8
Poor 2 9.8 58 21.t OTAL 1281 100.0 275 100.0

Chi square - 4:3.905 df - 2 P <.001

RESTRI CTED
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RESTRIMTE

APPEIMIX TLME 37

M'I SCHOOL GRADE CCU2'LSTED Or 114 FIIMSTSITE CASES
G? .1343 PRE-EXPOU- coirriUS ACCORDIQ TO -RACE

KOM~E, 1951-52

VWhite L~c j
*Group I. p

on S.D. No. Cr_!e S.

Casea 419 10.7ft 1.94. 65 103.3 1.87 0.911 X.30
-Controls 118 10.2 1± 2. 1_19 10.0 1.9 1.16i >.20

APPEIZI TM3L4 38

CO1UPARISM: OF 2S6 , G. CASES OF FRCSTMEI
AN~D 37 M-20 EPIDHIZ0LOWIC MITRL3 WITHi

RESPECT TO E010;: OF ORIGIN
K(OREA,. 1951-52

Region IO
of IX-gro E~idemioloý;ic ITotal

.•" lORA Cares Cntrols1

forthrn 21 1 25
Southern .262 (264) 29e

TOTAL 286 37 323

Chi3quare1.485 P >.20

470
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APVr2DIX TABX :39

COPARISION OF 286 !13=0 CAS3E= OF FR)SXhIA *

A~M 196 I.MR P!L-2FXP0;UtL CV.::7-MS WITH
iIZ.3Pt.T TO =kI0!1 OF ORIGIN

KOrU~, 1951-52

negion rcgra o
of Legro, Fre-L'-posure Total

Ori~in~isos Controls

Northern 24 12 36
Southern 262 (265) 184 L4

TOTAL 286 19%43

Zhi square -0.867 P >.50

IPPE11DIX TAIZZ 40

C~0Q5APJZC: OF 408 WHL.E Ck= OF ozjW-1x,
AIM 404 lw-l- £EPITUIMOU)GI Co::mIOI oiz WiH

RES3PECT TO =~ION; OF OaiUGI
KORtEA, 1951-52

?xg~ion White
of '..nit e Epiderdoloric Tot-i1

Crip~in Ca r;e . Corntrals

',.ortberr 133 154. 267
3outherr a295 (2Z)) 250 5.4

r ,TOA L 4 408a 404 F12

'Chi square =9.992 P <.01

FRLSTRICTED
sftwey tetra"
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APPEDIX TAMLE 41. m

COI.•I•80! OF 406 -ITE CASES OF HIOT&TE

AN'D 1146 WHITE PiaEVOPSURE W0in=~ liii
rESPECT TO REGION OF ORIGIN

KOREA, 1951-52

Region White
of White Pre-Exposure Total

OripIn Cases Controls - ..

;Uorthern 113 437 550
Southern 295 (2641 709 I MO"

TOTAL 406 1 1254

CM square -14.332 P <.0W.

AP-•-MIX TABLE 42

COMMP~ION OF W1 flOM MTERII WHTE CASES 0F
FROSTBI-z -. I1tH 152 NORTI&RU WHITE CO!,Ta=I

IN' rMMD TO LOCALE OF RESIDENCE
KOREA, 1951-52

Rare and Region a Residerce -
of Origin

SRural thtan

;/hit@ rorth Case- 16 95
White North

Controls 39 113

TOTAL 57 208

Chi square - 3.082 P >.05

FEST WCTE
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ApP1xD1inX TAMX 43

CPru:OF 294 SOUTMEM'1 '..1TE CASES OF
Jo;IamTMT -.'nh; 24.8 XOUTHF-Rfl AITEs CO'..MUMS

v. asz wFAA TO UXAL-r OF R~IDEZUCM
KOREA, 1951-52

Pkce and !leCion Type of s5ide~nce
of Orig~in Urba

-Jhite Sou~th Ca:;es 83 I 211
w3hite zoirth;contrcls 8 190~'

141.A V 401

Clh! czuare -1.640 P >.20

APP.dMl TABLF. 44

cctTAMSUC: OF 261 =-.uiO C:::i AS OF
s~~i~WITH 36 jii: Z30O1TL
liZ ;Aq1D TO LO':ALE OF M'IDMflCE

KOIA, 1951-52

iace vaR.ir !eion j Is r~ iden.ce

or Ci~i' 'ibiral Urban.

!*Pero s;outh Ca!;er 54. 207

TOTAL 59 238

I,~ ~q~re 0 0543 P >.30
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APPEMIX TALME 45

CW" ARISA N OF DEGREE OF INJURY TO
lOCALE OF RESIDEX;CE AMOWG 577
CASES OF FROSTBITE OF THE "M

7 / KOREA, 1951-52

R, a Uri an

Degree
flo. % no.

First 65 50.4 191 40.4
Second 33 25.6 142 31.7
Third 26 20.1 103 23.0Foitrh ,• 3•9 22 4•.9 "

TOTAL 129 100.0 448 00.0

Chi square - 4.14 P >.20

APP',DIX TABME 46

CO1MPARIS0' OF DECR OF INIJURY TO
",OCALE OF P.. C?. AXO'; 181

CASES OF FCrZTBflE OF THlE HAIMS
KOWE, 1951-52

RurAl Urban
PD&ree -

:o. % r~o *

First 15 40.5 69 47.9
Second 17 45.9 58 40.3
Third 1 2.7 11 7.6
Fourth ., 10.8 6 4±.2 -.

TOTAL 37 99.9 10.0

Chi squ-re - 4.019 P >.20

r.ZsTftTED
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RESTRICTEDAPPZZI TAME• 47 Ski wwww.!-'

DIST111BiTIO?. OF 33fS V-1-zz CASE3 CF FROG37DITS OF THE
FEET AMCORDII;G TO DEC=--: OF L:JtJrT IM RWI01; OF OW.IGII;

ECF.-A, 1951-52

c . . ..tic ?0 . ... . -

Total
Degree IIII - 1 IV V __r"•'•+"' ~ ~~~(Feet) ..... •

First 8 40.0 33 40166 !2.4 .476n 35519 710
3econd 8 400.0 24 32.01 41 32.5 231 27.4 11 35.5 107 31.8
Th •,ird 2 10.0 16 21.3 I,17 13.5 1., 20.2 5 16.1 5 17.0
Fourth 2 10.0 2 2.- 2 1. 6 4 4129 Mj, 4.2

TOTAL 20 100.0175 . iO 0.4 1 ' 1:2-f &, 100.0 31 00.0 336 100.0

Chi sqr.am 15.881 P >.10

DISTa3WUTIO? OF 236 -=G":n CASý5 CF FROSTBITE GFTtr
M"T ACCOD'DI.*G TO DMW-E.Z CF IC- J'.'Y A::) HWC OF O.IaIl:

EKtA, 1951-5-

________ C11!=tie o ____

Derree !__ ___v1~ t
(Feet) . 1 , I I 1 ..

First 0 - 6 3".51 35 34-3 33 33.0 8 35.2
5ecd 0 - 5 31.-3 32 30.5 2 3 21.4 68 28.8
Third 0 - 4 25. 1 33 31.4 1z. 34.0 1 7.1 72 30.5
Fourth 0 - 1 6 3.8 _2 11.6.0 , .3 13 5.5

TOTAL Ot-,1 I'jj5 i..0 1., 1,. 0 14 I 99.9 236 100.0

Chi s,,.i -.- - 10.621 P >.50

S ! lEST%,ZTED -
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APPENTIX TAME 49 Iw

DIST•:MUTIOU OF 104 dHITE CASES Of FROSTBITE W TIM1
RIAN=D ACCORDING TO DEGREE OF IlWJURY AMD RGZICU CC ORIG-

KOREA, 1951-52

Cl1ytic Re•ion - -

Tbtal
Degree 1 1I 111 -|IV I - ..-.....

No. % lo. N..o. N•. __- - -A-

First 2 66.7 _1 57.9 22 59.5 17 47.2 5 35.6 57 54.8
Secord 0 - 5 26.3 13 35.l 1 41.7 3 333 36 34.6
Third 0 - 2 10.5 1 2.7 0 - I U.1 4 3.8
F6urth 1 1 5.3 1 2.7 . 4 11.1 0 - 7 6.7

IWVAL 3 100.0 19 100.0 37 100.0 36 100.0 9 100.0 10, 99.9
- -,.----.- -"

CM squire - 24.041 P X.20

APPENDIX TAMILE 50

DISTRIBUTION OF 74 NIGRO, CASSS OF FROSTBITE OF ZM1
H,,DS ACO.F.MIr TO DMR.EE OF 1.11.URI AND REGION O? ORIGIN

KOREA, 1951-52

Climatic .•op ton".

Tetal
Degree I it IoI IV *otL.. .

First 0 - 3 37.5 11 33.3 1 34.4 1 100.0 26 35.1
.,ecorA 0 5 62.5 16 48.5 15 46.9 0 - 3 4 80.6
Third 0 - 0 - 4 12.1 5 15.6 0 - 9 12.2
-ourth 0 0 - 2 6.1 1 3.j 0 - 1 4.1

TOTAL 0 11000. 33 100.0 32 100.0 1 100.0 7a 100-0

Chi square - 3.939 P >.90

RESTWITTED
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APPEDIDI TAMLS 62 RESTRICTED
CG(ARISON, OF CLIMATIC RECTORS WITH RESPECT TO HISTORY OF WIitm4 hOIB fg

DINXMY AMONG 383 WHITE CASES 0? FROSTBITE EIOSCL
KOREA, 1951-32

Previous Climatic Rerionl____

Cold . -- - Tot, 1

Pone 11 55.0 f67 75.3 111 76.0 87 85.3 214 92.3 300 78.3
Fristbite 9 45.0 21 23.6 33 22.6 15 14.7 2 7.7 80 20.9
Trenchfoot 0 - 0'- 10.70- 0- 1 0.3
Chilblains 0 -i i 1.1 1Q 0 -- 2 0.5-

TOTALo20 1%00.0 89 00.0 14A 100.0 102 10.0 26 90.0 383 1000.

.hi sqire 4.139 df - P <.0.

AP,-lID TABL- 63

C•0?•P.3I+1 OF C'DIAT'C ,IVc;S O0 O.RIGIN WITH RESPrCT TO HISTORY OF
.. PR.•.VIOUS COLD DJUR' .G 270 UDBO CAS.S WITH FROSTBITE

KOREA, 1951-52

_____ Cl t tL Re jio -"-"_

Previous .1otaljC old z _11 ,1 IT, Total

_ __,__ __ I j Ji, . .I ,I ... y 1 0.I , .

__ - -Si-M _ -

None 1 100.0 17 85.0 91 74.6 10! 912 12 92.3 225 83.3

Frostbite 0 - 3 15.0 )1 25. 4 10 8.8 1 7.71•45 16.7
Trenchfoot 0 0 - 0 - 0 - 0 - 0 -
Chilblains 0 - 0 - 0 0 - 0 "Oj

TOTAL I 1[00.o 20 1•0.0 122 100.01.14 II 100.01 13 00.0 2[0 Vo.o0

Chi square - 0.093 df - 1 P >.70

488mit bfM'.
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RESTRICTED
CC14PARISON OF CLI}ATIC RMIONS OF oncr:f wintI RESPECT TO HISTORY OF

PREVIOUS COLD M~URY AMKXZO 397 14iM- WNKEP-MATE CMrMOLS
KW.EAo 1951-52

Previous
Cold ___ 111_ IIIIV V Total

None 28 73.7 9j9 86.8 lis F.S.7 92 93.2 23 95.8 350 88.2
Frostbite 8 21.1 13 11.4 12 9.0 5 5.7 0 - 3M 9.6
Trenchfoot. 0 - 1 0.9 1 0.8 0 - 0 - 2 0.5

, Chilblains 2 5 2 1.5 1 . 1 - 4.21 1.8

TOTAL 38 100.1 114 100.0 133 100.0 88 100.0 214 00.0 397 1.00.1

Chi sqmire -5.005 dr I1 P <.05

APPEMDIX -&AM.E 65

COW.AI,•301 OF CLM.TIC 2MIO(.S OF ORIGIN WIT RFPflZCT TO HIS SMY OF
PREVIOUS COLD ItJ*L-RY A•0N 36 !,•.I M,-AT. CONTROLS

KOR-A, 1951-52

PreviousC tc n._ _

Cold .. __I f . .j I IV V Total

Injury J . _~

Frostb~t.e 0 -. 0) -1/ 0 .o 0 -. 7 0 - 0 9.--

Mone 0 - 1 100.0 10 100.0 11 70.6 33 91.7
Trenehtoot O - 1 0 1 O - 0 - 0".

Teenbhfont 0 - 0 - 01 0 0 0 --
Chilblains . .0 0 0 ,1 0 1 21. 3 8.1

TOTAL 0 1 100.0 10 100.0 11 100.0 14 100.0 36 100.0

C j square - 0.115 df - I P >.70

48B9
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COLD INJURY AMM 12"13 WHITE PZ,-2OSRE CONTROLS
KOREA, 1951-52

Clim•tie Rex!on As-
Previouj

Cold -11 T_ IV V ?otal.
InJury 1

No. 110. . 1o. Io. _o. j lo-

None go 66.2 '0C4 96.6 c1 ^Q ~6 l ~5O 7±474fo -4) 5 - 9 1. 15 750.Fro.•:bite 41•0 .1 1 11. 45 a. 6.2 4.-3.0 11. 5".Terenht'oot 0 - 0 - 1 3 0.61 1I 0.4, 1 5.0' 0.4.,..-

Chilbl ains 5 3.7 4 1.1 2 0. O - 0 - u 0.9
Froztbite &
Tr-icifoot 0 - 0 - 0 - 0 - O - 0 -

Frostbito &
Chilblains 0 - 1 0.1 0 - 0- 0 - 1 0.1

* Trcnch foot. &
Chilbltins 0 - 1 0- 0- 0 1 0.1

TOTAL 136 100.0 351 100.0 524 100.1 2 100.0 20 10o. 1273 100.1

I•SNh!TED""
V S Vu K"' T'1
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ApmUDix TAm2 67
.,tnal OFCLLP T TO HISTORYX OF

rajSIDUS CCLD iNjt-rY 5yO?:G 274 SWRO 2!;.=PU11E coITh0LS

Cli~aA tt !on

Previous
Cold I I ! IV V TotAl-

1n !'. % Mo. ~ Vnj

6 1 
3_ 12.10 - _

0_ 01 
0 

I

C~b~~f3 0 - 0 - 0 0-0~ 
0-

ctilbi-alfls 0 0 0 - 0- 0-0 
0-

TTL1 100.0 24 100.0 161. 100-0 85 100.0 0 - 774 1-00-0

491
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AeFMDX TABLE 68

COMPARIS0. OFE HISTORT OF PRZVI"US nLUJSS-S AMON CS 408 WHITE CASES OF
FiOSTBITE F/WH TM SMNZPJ.L CLDIATIC REGIONtS

KOREA, 1951-52

KCMU_•t b Revieon

M flnes es XIII I'V V T tal"--_',

None 17 1. I8.0 811 .7 6 7i_ 261 7l.5 o.7
Frequent 

o

,..,0 - O j O - 1oi - jpo - 0o - 1O.2

0 -o-- -- - --1" AT 22.21 3 .O .0 L 8 1~~v~au~9 - -f0 ~1--o .22 ~-~L~
U rl. s 0 - 0d- 16 1-% -0•0 -"- - 0 -

' - "-- Ioo

Sm!Zhill is 0 J 0 1 Ui 0 0 - of -

TOTAL [21_t100.1t2_ 2 J jj~j~100.0[13l(. 0 o~ 34. 100.0 408 100.0

Chi square -27.570 df 16 P <.05

RESTRICTED
Sgoft foomt."
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APPENDIX TAI.LE 69

COMKP.ISON OF VF HISTORY OF PIREVIOUS IIWF•JWSS AONiG 2n6 NI)3R0 CASES OF
FROSTB'ITE FROM TH'E =E="RL CLIMATIC R•GION4S

KOREA, 1951-52

Clirmatc Repion _ _"

Previous .
Illnesses I_ I III TV V TotalK.0 no.J N N o. 1.""

Freri~ent 1 ~ ~ 7.
fevers 0 - 0 - 1 0.8 -4 , 0 - : 1.7

P.:.''i, o - 15 .i?.1, 1 1 ? 9.2 - 3 32.2
a' cei"o 0 - 0 - 0 1 .1. 0 1 -

-0 -~ ._ . .

-�-• 0 - 0 0 - 1.- o,,J o0 - o -

Ve-- Ur a .tO 2 0.
3,..-Us._ o0 1 . 6.• .,.7. .. ,i...2,a 2 c ---1] -11 3.8

TOTAL 1 1i00.O 23 99.9 128 100.O 120 99.9 14 [00.0 286 99.8

ChL square - 15.602 dt 24 P >.90

RESTRICTED
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APMDIX'TABLE 70

CrG(ARIScOI OF l8ISrORY OF PREVIous UnflEs-cs AJv0G w.0 oiNKm-maT
CONTROLS PRM~ TRE? S-V=~A OLVIATIC =~IONS

XOREA, 1951-52

fIlnesses 1 11 rII. V T~V Total

1'n 31 84~.6 1 .91 71.lhO NI 76.91 60116 6..5d1 7712'.24I 70.89
Fr!qxie-nt 7 ~~~ 11 I L.I - I7~

fevers 0L~.J~ 231 Z1.~ 1j

2 3.

6!-~ 2. 1 41 2. _2 .1 0- 1 10 2.

=2. :R -777.....

''"•P O I RO 2 .1 _-- . -Z-1 -

1O;RL 2. 1_;HEZ•'UT 01 D TI -S .."" 1- 0.,

___ Z __ i __o . ..

A0t'5 1  - 1 7 .22 1 81 2.0
-R 2-6 . - 0 .0 10 .,..

=At 39 100.111141100.1 I100.0 93 100.1 j13 10- 4 "•o"--"'

Ch quare 79.685 df- 28 P <.001

REST"C" .ED
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APPEDIDX TABIZ 71

OMAPARISON OF HISTORY OF PRLVIC&S ULTSS ,•O4G 30 NM MJIXLTZ
COtGTROlS FROM TIM~ 5SVAL CLV'ATIC RE0ICtHS

KOR.A, 1951-52

No. No. % % yo

.II

' one .6 20.0.. . 1. 5

0 toJ 9 "1

• i llnsse- I II. II . . T- t

0 0- o
"';' t•.v•:rs 0 0 O DD.O ,71i T_•'o•~~~0* •=_ACPJ- --•TC -- '-_-. - _.-C;-'

0'_ o I 10.0 1- I
0 .11 3.

*TOTAL O -[' 10 0 .0 1 0 I00.0 14 99.8 5 lco.O 30 100.0

Chi square - 12.676 df - 15 P >.50

419
I -.

!495
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APPENDH TABIl 72

,OOPARISC• OF HISTORY OF PREVIOUS ZIL14ESS AHONG 1083 WHITE PR-MWPSUR
OONRMOLS FRMG, THE SEVERAL CLIMATIC RMIONS

KOREA, 1951-52
1..

* ... .. __ Cllwmt e Re!-ons -

Previous
Illnesses I II 11I r IN V Total

L2A~~.2{%'j.a n~~..~ 7o. - LsA

Fo ~ 682 1.89 63.129 1C 6 1^ 60~.07 1i. 5 I816.- ~22.Frequenti"

ft,.r . 2 a 21 -? 6 2.4J 8 .b0l52
*.2hi2i- . 1.31 4[ 0 1 18.2 j 23 .5

-- c 3 9u- r-- - 1 _

It:" •~ a 1r'• 0o~o.o10 -47 1o~i~~ l.o31 219.C 22-' 79. c~ ~.

110A 100io.0j 29 100.1CO439 99.9 1083 100.1 -

"" Chi square - 50.559 dt -24 P <.01

- 4

/ "1"-
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APPENDIX TAMZ 73

COI"ARISON OF HISTORY OF PREVIOUS 1ILME'W~ AMONG 264 NEGRO PRE-!IPOSJRZ
( WTCONL7 FR?* THE~ SWERAL CLIXATIC REGIONS

KORFA, 1951-52

I ~cirvt"'I 0 Rarlon1Previous
nesses I. V Total

bi. % j fl1;*hoa~l.t % ?to. 1± No.

Freyi~ent
0 0- 0- .0 - _6 2.1

0~~ 0,21.
*,.':c.'0 23P. .9 )2~ t 4 d O 2 2.

' STýhil s --0- 4•• 81. 1 4.9

"TOAL 0 26 99.9 152 10. 0.2 0 264 100.1

".,ILLh

497



, +.B

APPEDIXI TAELZ 74

cMiARIsMX or AMOUNT? 0F D'K0NhG BY 40D iWiM UMS Or
FROMMIT FROH ThS SM7EAL cLIYATIC RMIOtS

KOREA, 1951-52

-r-tcR Io-

•-'- . I

SmokII IT Total

FRS•Ig _RHTI__ --Et :D•I •IH

go No_. L1NOLL~~& No.
No 10 .0 1 ; 15 .? 2 25 2 ~7 l.~~*2 2.

1rl 3 ?_2c 91 3.
I 1921-ack

e~il 1 *j9 _ 1.6. 70 61 ~ 8.6231 3-.
112 Packs

e: ,l 5.0•tt 1 6-, 3-86 A l 0 -

et1x 20.0 a 9.010 6.6 87-L"0
Over 2

oacks 1 6-56 0a 2 -d a l y L . 1 X t 1 1 . 1.. ..... T 2 . 0

.TO _ . 20 1 00. 0 89I i .10 0. 0 152, 100 .1 103 1 o. 31 100 23 . 1
TOTA . 20 100 .o .. .1

4989

MAN lz... 1 .01 1.0 0. 0 .8 0.5 8 2.

1) 1..710 ( 80 . 1.41 0.61

S.D. 1.70 .* 1 _.*•59 1 .63 __. .k .6

498
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pmloiD TANS 75

".OOTSMCt OFOMf CF SA9KM0W B 0 o if gyO CASES OF

n mTa C'1LDUAI'O R.IONS
K.•OR.A, 1951-52

"No. vo _

d0li 0 1.1

0 51 74o100.,0 3 -1 10. 010.0ydAi 0.0.0.

PE$T•;LTE0

Pak14(wt 5U.i

:11
)p

2 1 4.6

dal
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APPEDIX TAD- 76

(OTARMSON OF AMOUNT OF vO•ING BY 393 WHITE BNER-ATZ COMM=Ls
FRMO THE SEVERAL CLIMATIC RhfIONS

KOREA, 1951-52

- I1tic RAý -on

Snok.ng I JZ1_ IV v Tjotal

.1al ,7912 111 2 2.'p . ' 1 S. 70 1.

f Pa.cks I i

* I .. i7 15).~ 14..~2± 141. 29.2 53 13.5

@•r 2 I I1
112 Pack i 84 t2 Fnck j 'tsiJ ~ Z _

______ 16 1L._
dfy _112.8 10 10 13 9j7 12 14JY .3 12.5 43, OT

Over 2 JI____
TOTAL. 3 In9.9111 j99.9 134 100. 85 100.0 24 10C.0 393 "~.9

F~AM 1.0 1.0 1.0 1.0 0.9 1.0

S.D. _ .62 ± .6/, .70 ±.65 *.56 . .66

ESTMMTED
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APW4DII ?A�LE 77

c�PA!I15c1� 07 'ii�E �owr� or �K1NO �5 i�R0 I�rnl�ER4'.hfl C�RrrW�LS

F�9( h(E 5�V!R&L CLD(AIC R�XIOI�S
ILOIIZA, 1951-52

I, / 

.�.

0*

IQ'rAL. 0 - L 7100.0 10 )�0O.0 U. 00.0 13 100.1 35 100.1

- ±.86 ±.� .58 ±*��

RESV1�CTEO

�.gw*,3 u�wu*'w
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APPE•DIX TAB3L 78

REGIONAL C00.ARISOITS OF MEAPI INT~ERVAL It: HOURS SINCE LAST MEAL 9
mEFORE FROSTBITE BY RACE FOR 665 CASES AND 440 BUIJKE&.-ATE CONTHOLS

Climatic Peeion
Group I U Ill

Mean I Mean ' ean
• No. tLoursiS. 110. HoursfS. D. 11o. .our D.

White case. 21 8.5 - 5.144 89 6.9 ! 4.69 148 8.6 - 5.60
[ Uh ite ccntro ]j 39 9 .7 5 .03 1 9 5 + 5.4 9 m 3 10 .8 + i . 1"

b:egroecase j.0 - 2.1 6 j• I3.?7 121 9.6 " 7.47

Se!ro contro -_ - 1 I0.5 - I0 i10.9- .

Climatic Region " "

Group IV V
Jkeat. I Mean

vhite case 105 a, 5.05 29 9,o - 6.40 2 72 <.01
v'nitt e.•ntrol •1/8.8 - .YI S F~ L%.18 , 6_ -31,6 _0.

Iegro ca-e 116 9.8 ± .5 5.53 3.869 <.001
7-r' _n Z 10.9 7.2 -. 53

*In all instances "t" conparison3 are between N:orthern regions (I and
II) and Smithem regions (III IV and V).

CMUT•CTED
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of~~~ :nsle I Tta

-t

No.--~~ Eu ...ItoCEver RISy OF CLD.TIC .IU WITH RfutECT TO AVERAGE C0 - .51 . 0.

OF~~~~~ DISOLE FO 2=07 10TE0.KRMAE 0TR

KOREAT 1951-52

of nsoles __l___ __e.. efton ... ?o-a

Average Change _____ ~ 1vtCFIo
-fL oe No II ll I To € -

Every day 13 76.5 5317.679/911.97.272 "1•83.0113 01i00.0_ 1623278.'1- '- •-

Every other day 4 23.5 12 7. 015. O 1. - 32 15.-

Every fourth day 0 - 11.50- 11.90- 2 1.( ,;,,;-

Every fith day 0 - 0 - 0-, O "0- 0! -_ 0- 2! -

Ev.•,er sL[,'cth d~ 0 - 0 -. 1.6.1 u'. 0-,'j,-2.

'rTOTA 17 100.0 68 99.9 66 100).0 5•1o~.3 100.0 .o 20 100.

• 1.23 1.28 1.55 1.30 100 1.36

S.D. 0.4507 0 0.591 . 1.2454. 1 0.8598 - . 0.9

RES1TIMlI).
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APFM2DIX TABLE 97

COMPARISONI OF CLflI'Aý IC RESI00 WITHI RESPECT TO AVERAGE C*:(GE OF
INSOV-1; FO1 9 NBIRO BLINKER-MATU CM"R0LS

Y.OREA, 1951-52

Clim~atic prvion_____
Average Change j-

of Insoles 1 171 IV ITotal

1:0.~~ N. • noo 1

Every day 0-0 -2 66.7 L 66.701666.7
Every other day 0 0-133.3116.70- 222.2
Every third d"r 0 0- 0 - 1 16.? 0- 1 11.1

.Everyrfourth da:, 0- 0 - 0 - 0 - 0 -10 -
Everyfifthday 0- 0- 0 - 0 -
Everysixth d.1V 0-0 -0 0 - 0-1 0

TOTAL 09 0-0.60. ~ 00.0

16.7

MEAN...33 1.50 1.44

T7. HE 0.•.0 - - _. o vs • 0 .9 - _ 0 .7 .m-ti

52. .1o
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APPL-IDTX TAMLE 98

CGWARISON OF CLDIATIC REGION WITH RESPU~T TO AVERAM~ CUMG
0? INSOLES FOR 1218 MIaCO F?.;OSrBIT C~ASES

KOREA, 1951-52

Average Changs
of Xnsoleg 11 -I t-I IV V Total

No. .___. !_3_ '10. to. 10.

Ever7&Y 10- 7 77-8 373-1 5069.3 0- 83 70.
Every ot~her day I1 100.0 1 U.1l 9 17.3I 13 23.t 1 100.0 25 211.
Every Jhird day I0 - 1 11.12 3.8 3 35.50 6 65.
EveryIfourthday 0 - 0 - 0 - 0- 0 -0

Evezylfift~hday 10 - 0 -~ 0 -10 - 00
Eva ixh d .17 j 0 - 0 -J * 3 5. 1 U1 01 0..

TOTAL 19 -52 50C 1 1100.0 s 0.

MEN2.00 1J 3 1.51.1.44. 2.00 1.1,8

S.D. 0.75 .1..22 ,"1.01

Of nsle ... .- I T j I V T t •.-; i

522
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APPENDIX TAELE 99

%.1

COMPARISON OF CL324ATIC REGION WITH RESPECT TO SOCKGEAR
WORN BY 404 WITE FROSTBITE CASES

KOREA, 1951-52

Clir~t~ic R09ion --
Sockgear
Worn I II III I IV V Total

- !"a. No 10t~. No. __ . no,~ .

Socks, wool, , 34S~cushion sole
o. r 4 19 .0 12I 2 .2 U .4 3. 3 .f1 . 122 30 .2

Sock•s, wool,
cushion sole
2 I 2air 41. 44 3 .0 41 .79 .29.11 231--S o 'k s , v o 1,r wk I mr 2 14.5 16 1. 5 12 1.1 6.3 45 11.11

3_ 3 2. )l~I1 0 , .6 8~
Socks-, vol

"".J___ - 0 -- i 0.... ,i iii1 0 -a 1 0.2• v; -"S c k s, W o o l ,
. , cushion sole

and Socks,
wool s9. 0 l 1..11.t 21 l8.32 • 2.2 2 6.3. 71 17.6

No rocks 0 - 01 .2 f. 1 0.9 0 1- 1 0.7
Combinations
other than
it-'ýnssix 0- 0- 0- 0- 0 - 0-

TOTAL 21 99.9 90 99.8 153 100.1 1J8 99.9 32 100.1 404 99.9
0 

.,- 9. go F-9-9 I
Chi square - 50.450 df - 24 P <.01 (By individual region)
Chi square - 2.839 .df - 6 P >.80 (North vs South)

RESTRMTED
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APPEDIXH TABLE 104 iRsTRm TE
COARISON OF CLIMATIC REGION WITH RESPECT TO DiTERVAL IN DAYS BEMEEN LAS'
CHANCE OF SOCKS AND ONSET OF FROSTBITE 0M~tG 402 WHITE HuNER-MATE COtmOL

KOREA, 1951-52

- - lIzatc Rejjon - -

Last Change L zj m 2a

No. No. % No. • o. ,.

!ass than~ one day 2.2 56.4 59 51.8 8.1 58.7 54. 52.1 18 75.0 234 582
1-2 days 12 30.8 244 38.6 41, 31.9 21 24.1 3 12.5 124 30.8

0t

2-3 days 2 5.1 6 5.3 10 7.2 10 11.5r2 8.1 30 7.5
3-4 days 2 5.1 21.8 21.4 1 1.11 L.2 8 2.0
4-5 days 0 - C - 10M.70- 0- 1 0.2

-Over 5days 1,2.6212.60o- ld 0- .

TOTAL 1391100.0 1114j100.113199 8799".91 241100.01402199.9 t

Chi squ;%re 20.751 df 20 P >.30

". •~ b • •--

APPXDIZX TAM.E 105

CGCPARIS0. 0O CDIATIC REGION WITH RESPCT TO ITEVAL IN DAYS, WIZ-Vf LIST
CHANGE OF w=Cxs AND ON=ET OF FR=OBITE A]IONG 293 WITR MlIOST•ITE CASES

KOREA, 1951-52

I _______Cl1ratic Re-don
last Change I

of Socks I II Ill IV V Total

Less than one day 1 100.0 15 68.2 77 60.6 77 64.7 1 28.6 1702 61.5
1-2 days 0 -30 18.2 30 23.6 29 24.4 6 42.9 69 24.4
2-3days 0 - 14.57 5.5 97.6 7.1 18 6.4
3-4 days 0 - 14.5 32.41 0.8.1 7.1 6 2.1
lo-53 dys 0 - - 2 1.6 0 - 0 - 2 0.7

-Over 5 days 1-4-- 8. 6.13 2.5-2 14.3 14 4.

TOTAL I 100. 0 22 99.9 127 100.0 119 100.0 14 100.0 283 100.0

C*hl square - 16.141 df - 20 P >.70

526 a3)Jtau8I
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APP~4DX TAL.E• ~RESTRICTED
OWARISO Or CLLOATIC REGIjOt "TTM P-LP•CT TO Dr JAL. DI DAYS, BErNa

LAS!. aCGE OF SOCs AND ONSET OF F.oSTB-M. AMONG
37 N~flRo Bun~A-MATE CONTROLS

KOREA, 1951-52

Climatic Re~ion
Last •hart s.-...- .. ,-
of Socks III IIV V Total

Less thaxone daf 0 - 0 - 3 30.0 7 58.3 8 57-4 18 48.6
1-2 days 0 -1 1CO.o 5 50.0 3 25.0 6 42.9 15 40.5
2-3 days 0 - 0 - 1 10.0 2 16.7 0 - 3 8.1
3-4as 0 - 0 - 1 10.0 0 - 0 - 1 2.7

- odays 0- -0 - 0 - 0 - 0-
Over days 0- 0 - 0 - -0 0 - 0"

-. TOTAL 0 - 1 100.010 100.0 12 XV&0.0 1 100.0 37 99.9

Chi sq•are -8.130 dt -9 P >.50

APf'M;DIX TA=L 107

0C4PAR.'1!! OF CLIMATIC RMIMS WITH RESPECT TO CONDITION OF
THE FM~ AT TDMZ OF FaO0STBrTZ AM0G 398 WVirM CALSE

KOREA, 1951-52

_- :- .f•'• ~~Climatic Replen . ..
Co nditio n 7...
of Feet 111 1. II 7 V Total

Wet. with swat 9 4.91 .11 1. 2.7 81 540 :... ol 20.0 180 5
Wet from muddy. - .. 2-.

emund 1 4.8 of - 2.7 2 _111 0 - 7 lo.
Wet from me-Lted ~ 2 80 08 0

snow 6 28.6 12 20.2 27 .0 -22.- .". 'Wet fr om vading

in iiatmr 2. 91 6 .- 6 9. . -1-S
TOTAL 21 100o. 89 'CAOj150 100.11W. 30o100.0 398 100.C

Chi square - 23.58M df - 16 7 >.05

529 RESTRICTED
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KOREA, 1951-52

N . -%- r no. .N-

I.I
1

IR~~ 3726 1C.4

j 1 1

AP'IIX TABIZ 1W8

KOREA, 1951-52 . .

_____. Clhi.ti e •on " "-'
Cor•Ution i I III . ""
Of Feet .TJ'I III TV Y Tota

___T-__ T 31 22.611

Wet fro muddy 0
_____ 0- 0 0 . 1 0

Wet frc malted

Wet fran wading
in u-ter 0 - 1 0. 221 . 0
i__ __ t ~ O 2.21 """"

TOAL J 391100.01115,100.1 137 100.9) -7 9.

Chi square - 27.171 df - 16 P <.05 (Ey individual region)
Chi square - 1.605 df 4 P >.80 (North vs South)

530
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APM:DlX TAMLE 109

CLI*WARI0.; OF CLINATIC tR:lr:S W"TM RESPECT TO CONDITION OF THE FEr
AT TDX OF FIBST1r3 AMCNG 280 IrFRO F'OSTBITE CAM.

KOR.EA, 195-52

C-im1ttc .fRtt Fo ----

Zondition
of Feet I IT ... III TV Y Total

,io. .. :o. ! o. % No. 2 I .2 N04.1

WDry 0 36.5 44137.! 6 46.1.104461.1
_Wet with s.sa_ 1 100.0 10 V.5 50 39.7 4235.6 2 15.4 10 7
Wet from muddy A-

&round 0 - 0 - 0 - 4 3. 0 - 4 1.1.
Wet from rited 1 24-2Q. •

$new 0 - . 18."2 26 20.6. 2420.3 5 3.4 59 Z_.1
Wet from wading "

in water 0 - 0 - A 3.2 4 3.3 0 - 8 2.9

TOTAL 1 00.0 22 _100.1 126 100.0 118 99.9 13 100.0 280 100.0

Chi square 12.803 dr - 16 P >.50

RESTR•CTED
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APFDIIX TAWL 110

CCARZSn 0? CVATIC RSGIONS WITH REST.ECT TO .ONDION 0? THE ?Eff J
TD(E OF FROSTBITE 0",-' 37 NWIG0 UNKM- -HATE CONi=LS

KOREA, 1951-52

con~iition jClimatic 1Reizon Tt

I Fo.I !~~L~ .1o. Ni0 No.a s *Sl id,

OTy 0 10 1- 11 10.0 2'1.78157.1 U12.
V! .t .dt~h s-en 0 8. 10.'j _ 66.7 5 1.
Wet from ruddy 110.15 00

0-01-}• 0 -1 t.

___ ___ ___ 0 - 0 0 0 0 0Wet from m•-ted1

Wt_•,rai o - -- -waoing - o
---I 0ter 0 0 .0 0 0

TOTAL 1 100.0 .0 100.0 12 100.1 14 99.9 37 100.0SI CX.O•O 00.0 I0. " " "

Chisquare -1.024 df- 6 P >.05
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•P~v• r+,etzm • RESTiRICTED
APPENDIX TALEI lU -RSlTM4 TE

CORYARISO1 OF CLY'ATIC RM.IONS WITH RESPECT. TO CONDITIONS OF
AiDS AMONG 397 WRtITE FROSTBITE CASES

KOREA., 1951-52

Cli.atic' Rerion
Condition
of IHnds I I III 17 V Total

'No.! 'C No,. •C !;o. I •:1o.• ! ,o. g;""2"- o .- - '1 -N ... a.<:-.

Dry 13 .0 7079. 119, 79.1 761 ,. 270 4 030 6 77.1-
Wut frc.n sweat 5 0 6 .8 7 6.1 .1 .2 8.1
Wet rrma water 2 10.0 12 13 1 12.0 21 19.4 1 3.2 5, .

SWet fra• other
"liculds 0 - 0- 0- 4 t. 1 92 5 1.3

TOTAL 20 100.0 88 99.9 150 0o.0 ice :99.o 3i 9.9 3 1o0..

Chi square - 25.197 df - 12 P <.02 (By individual region) .
Chi square . 2.826 df " 3 P >.%0 (North vs Soth) .

APPENDIX TAtLE 112

.C•T.ARIS•0I OF CL.LATIC P.MIOt:S WITH R'.Z-:7 TO CON.Dr 1ON' O0
}!AMDS AM:ONG 400 W1 T.M- PKE-M•K•- £ C0.IOLS

KOREA, 1951-52

_ Cl•ji ttie Reroi[.•a ......
Ondition
of Feet I - IIT r: v Total

-T/No. No n ;o. •" '

29tfo' .a 76. 1587- 76.3 118 836.1 6^1 79.3 2 y H .8 326 81:
_________ ______L~ 0_ 12 13 4~.2 17

fWet fron water 2 .9 7.9o 8 6

Wet fron other -

lIlaulds 0 0 - C 0 - 0

TOTAL 38 100.0 14 100.0 137 100.0 S7 lCO.O 24 100.0400 100.1"

Chi square - 9.252 df - 8 P >.30

RESTRICTED
S~cW I.l,"•.'.-'a. "
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APPENDIX TABLE 113 s ~U~

CWARISON OF CLIKATIC REGIONS WITH RESPECT TO OWNDrTIr* C
HANDS MI~G 2-78 NEGRO FROSTBITE CASES

KOREA, 1951-52

Climatic Rexion ____.__,

Condition
of Hands __ I III IV V__ Total

D r lom 0 _ 971 7. 910 76.9 222 79.91
Vet frem sweAt 0 - 0 0 1L 9.0 7.6 1 _7;4 21 7.6.
Wet freom ater 0 - I. 6 13 - 12.9 13 11.0 12.2
Wet froa other
l•nitids 0 0 - 0 - 1 0.8 0 1 o.4

TOTAL 1 I10.0 22 100.0 124 100.0 lie 99.9 13 100.0 278 100.1

Chi sque4 4.209 dt 12 P >-95

APPNiDIX TABLE 114

CF31ARITSa OF CLD•ATIC REGIONS WITH ,•MSFECT TO CONtDITIC%' OF
HANDS AM0NG 36 NEGRO BUNKER-MATE COtNTROLS

KOREA, 1951-52

Climatic Re•,ion __"-''_

Condition ..1 ' "'"
of Hands I IT ITT TV V Total

ITO F0. No. 11o

r 0 1 100.0 o 90.0 10co.o 11,4 1o.0 5 97.21 .
Wet fron' cw•'at 0 - 1 10.0 O0 - o 1 2.8 ..-

"TXt ire•.47w1ter 0 .. 0 - 0 - ' 0 -' 01- O- 0
Wet frcm ot.her •.--..
licuids , - 0 - 0 -0 0 01 - 0 -0

TOTAL 0 - 1 100.0 101100.0 11 100.0 14 100.0 36 100.0

chi quare 2.353 df -4 P >.50

o 
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RESTRMCJD

APPI•D1X TAB3E Ul9

C0WPARISO:Z OF CIUMATIC RGIONSJ WITiH RESMPE-1 1 PUJ;lMUJM TEERA2TURE OF
SMP0RIPF. AX.MOGX 370 WHITM FROI7 TE CASES

KOREA, 1951-52

h,_____ CliiLutic 2arion
Termperature I il III I IV I V Total
of Ex,:o5itre No %.~ 10 1 % No.j I No4 11

More than 37 0 - 0 - 2 1.4 - 2 7.1 4 1.1
31 to 37 0 - O - 5 3.4 3 3.1 2 7.110 2.7
21 to 30 2 10.0 8 10.3 25 17.C ' 8.2 6 21.4 49 13.2
17 to 23 5 25.0 19 24.4 26 17.7 17 17.5 7 25.0 74 20.0
10 to 16 6 30.0 V. 19.2 29 19.0 20 20.6 6 21.4 75 20.3
3 to 9 1 5.0 15 19.2 29 19.7 17 17.5 4 114.3 66 17.8

-4 to 2 6 30.0 17 21.S 26 1.77 23 23.7 1 3.6 73 19.7
S-l to -5 0 - :4 5.1 6 4.1- 9 9.i 0 - 19 5.1.

TOTAL 20 100.0 78 ['J.O 147 100.0 97 99.9 2 9. 370 99.9

s u11.6 10.7 12.6 9.5 18.1 U1.7

S. D. - 10.05 t 10.07 ±10.99 - 11.06 ± -.37 1 10.83

539
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EGV,5-,:-TR$TEZ AMG26=1 RGTBT AE

CGOPARIS01J OF Cr.Y.n'.•c ~IoIsIO im WIT.sn•cri'o TOINIMUM m T RAIJ•UE OF
ST.. A~zNG' 256 i•G.• i•osmr•I cAST_•s,

KOREA, 2.951-52

Xinlm= I Clirati Rexion .._

Teriperatur I Z j ji II .Ii IV V i Tot~kl
of R .)ur jl J % 1.•Io..Z•!o.T - . lo. .I, oNo .

MTore than 37 0 - 0 - 0 - 0 - 0 - -
31 to 37 0- 2 10.5 4 3.4 3 2.8 0 9 3.5
24 to 30 0 - 3 15.8 28 24.1 17 16.0 4 28.6 52 20.3
17 to 23 0 - 6 31.6 20 17.2 28 26.4 4 28.6 58 22.7
10 to 16 1 10D.3 2 10.5 20 17.2 17 16.0 5 35.7 45 17.6
3 to 9 0 - 5 26.3 20 17.2 13 12.3 1 7.1 39 15.2

-4 to 2 0 - 0 - 20 17.2 18 17.0 0- 38 4.8_-3-1 to --5 0 - I1 5.3 4 3.4! 10 9:41 01 - is 5.9 '

TOTAL 1 100.0 19 100.01 99.7 106 99.9 34 100.0 256 100.0

;13.0 16.7 14.0 12.5 18.5 13.8

S. D. - j 11.34 ± "11.29 ±11.73 ± 7.08 11.32]
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APPENDIX TABLE 121 , *

COMPARISON OF CLIMATIC REGIONS WITH RESPECT TO MINICf.MUM TEMPERATURE OF
EXPOSURE AMONG 392 WHITE HUNKER-MATE CONTROLS

KOREA, 1951-52

Minimum Cliratic Region _

Temperature I I II III IV V Total
of Exrosure No.1 % -111. - -o - -o No No.-

Morethan 37 0 - 0 - 0 0- 1 4.2 1 0.3
.31to37 83 7.9 2 1.7 5 3.8 4 4.8 0 - 14 3.6

24 to 30 6 15.8 16 13.9 27 20.6 15 17.9 4 16.7 68 17.3
17 to 23 10 26.3 28 24.3 27 20.6 16 19.0 9 37.5 90 23.0
10 to 16 4 10.5 21 18.3 21 16.0 10 11.9 9 37.5 65 16.6
3 to9 2 5.3 8 7.0 18 13.7 13 15.5 1 4 .2 42 10.7
-4 to 2 1 28.9 34 29.6 22 16.8 19 22.6 0 - 86 21.9

-11 to -5 2 L.1 6 5.2 11 8.4 7 -8.3 0 - 26 6.6 1

TOTAL 38 100.0 115 100.0 131 99.9 84 100.0 241100.1392 100.0

ISO 13.2 11.3 13.1 11.8 16.7 12.5

s.oD. 12.69 ±11.33 _ 12.00 -12.35 - 8.17 ±11.82

RESENlUCED
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APPEMIX TAZt 122-

COMPARISON OF CLIMATIC R•XIONS WITH RESPECT TO MfN4UXII4 TERA• fRIM OF?
EXPOSURE AMONG 36 NEGRO B3N-KER-MATE CONTROIS

KOREA, , -1-52

Minl= Climatic R•pion
Temperature IIII IV v Total
of Exrposure No. 1 1o. ._ !No.I % .I1o..1 ,* 11o0i. o.1.

More than 37 0 - 0 - 0 - 0- 0- 0
31 to 37 0 - 0- 0 - 1 8.3 0- 1 2.8 ,*
24 to 30 0 - 0 - 2 20.0 0 - 7 53.8 9 25.0
17 to 23 0- 0- 2 200 3 25.0 2 15.4 7 19.4
1O to 16 0 - 0 - 3 30.0 2 16.7 4 30.8 9 25.0
3to9 0- 1100.0 2 20.0 2 16.7 0- 533.9

-4 to 2 0- 0 - 1 10.0 1 8.3 0 - 2 5.6
-. to -5 0 - 0 - - L 3 25. 0 0 ---- t-3 8.3.-

7TAL 0 - 1100.0 10 100.0 12 100.0 1 3100.0 36 100.0

ISAII 6.0 14.4 8.9 21.6 14.9

S. D. - - ±9.7 1 14-.10 -6.75 ±11.02 5

RESTRICTED - .
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.* APPENDIX TABLE 123

CWPARISON OF CLIMATIC REGIOUS WITH RESPECT TO DURATION OF
EXPSURE. AMONG 674 FROSTITE CASES

KOREA, 915

Duration Clntic Region -____ ____of IV I I iZI I ' V Total

0O-• 4 hrs. 5 25.0 45 40.9 98 35.7 85 38.6 1" 34.0 250 37.0"0 .1 - 8 hrs. 4 20.0 26 23.6 70 25.5 60 2-7.3 13 26.0 173 25.7
8.1 - 12 hrs. 5 25.0 20 18.2 43 15.6 30 13.6 11 22.0 109 16.2

12 .1- 16 hrs. 1. 5.0 5 4.5 26 9.5 12 5.5 3 6.0 47 6.9
16.1 - 20 hrs. 1 5.0 1 0.9 2 0.7 4 1.8 1 2.0 9 1.3.. 20.1 - 24 hrs. Q - 5 4o5 15 5-5 9 4.1 0 - 29 4.32days 15 .0 2.7 13 ,4.7 9 4.1 2 4.0 28•4.22

3day 2 10.0 3 2.7 20.7 2.30 - 121.
C._er _ d-. 1 5.0 2 1.8 5-l8 6 2. 3 6.0 17 2

TOTAL 20 100.O 110 99.8 274 99.7 220 100.0 50 100.0 6741 99.9

EAi17.8 10.0 10.2 10.9 12.1 10.7

S. D. -24.00 ± 14.97 - 13.68 1 16.43 ± 19.47 ± 15.69

rE$Tr2,TEO
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APP -NDIX TA.MZ 12M"

COMPARISON OF CLIMATIC REGIONS WITZI RESP.CT T0 DURATION OF
XPOSURE AHONG 450 BI•. MoR-MATE CO.'-,

"OREA, 1951-52

Duration , Climatic R oben

of I III i I v Total..
sue N. K.N.No.

0 - 4 hrs. 8 20.5 41 35.3 46 31.0 4 43.5 .3 28.3 152 33.
4.1 - 8 hrs. 15 38.5 29 25.0 42 28.4 34 33.7 6 13.0 126 28.0
8.1- 3 .hrs. 12 30.8•23 19.C 25 16.9 7 6.9 12 26.0 79 17.6"2

12.1-l16 hrs. 2 5.1 10 8.6 16 10.8 7 6.9 2 4.3 37 8.2
16.1 - 20 hrs. 0 - 2 1.7 3 2.0 3 2.90 1.a -•
20.1 - 24 hrs. 0 - 7 6.0 5 3.3 2 2 2 4.3 16 3.6

2 dap1 2. 61 . 32.6 5 -3.3 11 . 4 8-7 14 3.1
3 days 0 - 0 .- 1 0.6 2 2. 3 6.5 6 1.3

Over 3 davs 1 2.6 . | .1 . .7 1 12 , 2.7

TOTAL 39 1001 1U6 99.8 248 99.6 101 99.9 46 99.8 •450 100.1

WAN 9.6 8.7 11.1 7.9 19.9 10.5

S.D. 1 33.38 ±10.75 16.001 12.05 25.051 15.29

UiRS•ITTED
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APPENDUX TAELE 125

CaJY2ARISO;; OF CLIMATIC REGIONS WITH RESPECT TO SITE OF INJURY
AMONG 406 WHUTE FROSTBITE CASMI

KOWA, 1951-52

Site C__ Cntic Ret'ion ___

"Of 1__ 1iF 1 1 1 1 iIC Total

One hard cr4 0 - 4 4.45 3.3 87.4 0- 17 4.2
(hefoot cnly 2 9.5 9 9.8 313 8-C 7 6.5 1 2.9 32 7.9
Both har~s 0 - 9 9.8 12 7.9 13 22.0 3 8.8 37 9.1
Both feet 16 76.2 60 65.9 94 61.8 62 57.4 24~ 70.6 256 63.0
One hand andi

one foot 0 - 0 - 0 - 1 0.9 0 1 10.2
Both b.erdes
awd both feet 3 34.3 5 5.5 13 8.6 8 7.4 5 14.7 34. 8.4
One hard arAi
bothfeet 0 - 1 1.1 5 3.3 4 3.7 1 2.9 31 2.7

Ono foct znd
both h-as 0 - 0 - 2 1.3 2 1.9 0 - 4 0.9

Other
leers. rose) 0 J3 133 81 53 31 2.8 0f - 1 .j 1 3.

TOTAL r21OOjj , 99.8 152 100.1 100.0 3 M99.9406 99.8

Chi square 26.077 df. 32 . .76

A45•ntpo fvu;'s

* -- . .- - ,* o :• f~, • • •.I : :• •,

/.... ... . .. .7n'.d- . 0 -- /.+53. 17.,0 17 •2"•"-•
*I' t,. y . 981 8• • . .9 N,2 . i:

"" Boh hres 9 .8 1 7. 12. • .8 3 9. "• •'N
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APPE",DIX TALE 126

CM1PARISM.l OF CLIMATIC REGIONS IWITH RESPECT TO SITE or MmJ~
AH0JW 284 MEG1O FROSTBITE CASES

KOREA, 1951-52

Site __ mi~til Regionj

Onehandonly 0- 4.364.754.20- 22 4.2
One foot onl.y 0 - 1 4.3 8 6.3 16 13.4 3 214 28 9.9
Both hands 0 - 5 21.7 14131.013 10.9 0- 32 11.3
Both feet 1 100.0 12 52.2 84 66.1 70 58.8 10 71.4 177 62.3
One hand &
one foot 0 - 0 - 0 - 1 0.8127.1 20.7

Both hands &
both feet 0 - 3 13.0 22 9.4 86.70 - 23 8.0

One hand &
vboth feet 0 - 0- 10.8 3.40- 81.8

* One foot &
both hands 0 - 0 - 0 - 1 0.8 0- 110.4
O't~her
(ears, nose) 0 - 1 4.3 2 1.6 11 0.8 Of - 41.

TOTAL 1 100.0 23 99.8 717 99.91.19 99. 14. 9".9J8 100.0

Chi rquare 29.895 d132 P .58
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AP72ADIX TABLE 127 RStuCen O fw

?)W SC1iOL GRADE CO1fMXTED BY 114 FROSTBITE CASES AND 1343
PRE3mXPO•U•E CONTROLS ACCORDING TO RACE AND

CL.IMTIC REG101 OF ORIGIN
KOREA, 1951-52 --. J-

chool Grade Covnleted 1
Region and Cases Controls .

Race Mean Yean
No. Grade S.D. No. Grade S.D.

North White 14 .179 t'2.0015 437 10..15 2.0261
So-th W1It r- 10.20 i 1.7857 711 9.98 . 2.21401

orth W.go 7 10.e66 1.3123 12 10.75 ,1.4855
South Negro 8 10.26 . 1.9U',8 183 99" 1.9836

Total White 49 10.65 ± 1.9436 1148 10.16 * 2.1729
Total fters L6 10.32 t 1.87§38 195 9.98 [ 1.9611

APPM''DIX TAE,. 128

COMPARISONS (t) OF MrA SCMOOL GRADE CO•PI--TED By 114 FROmBi'T!
CASES AND 1343 PR-EXFOSURE C0NTROLS

KOREA, 1951-52 .

S•Differencee
Coinarison In Yea P

North White Control vs South White Control o.47 3.663 <.01
*North Negro Control vs South Negro Co:-.rol 0.82 1.809 >.05 -
North White Caze vs South White Case 1.59 2.588 <.01
North Negro Case vs South Negro Case 0.60 1.076 >.20
North White Control vs North White Case 1.34 2.465 <.02
Fouth White Control vs South White Case 0.22 0.702 >.30
North Npemo Control vs North Ilegro Case 0.11 0.167 >.80
South Negro Control vs South Negro Case 0.33 1.125 >.20
Rev. II White Control vs .eg:. II White Case 1.23 2.249 <.05 -

Reg. III "hite Control vs Reg. III 'hite Case 0.34 0.700 >.LO
Reg. IV W"hite Control vs Reg. IV White Case 0.23 0.416 >.60
Reg. V White Control vs Reg. V White Case 0.75 0.759 >.40
Ree. II Negro Control vs Ieg. II Negro Case 0.13 0.190 >.80
Rep,. III NPegro Control vs Re.. III iiriro Ct.se 02.8 1.381 >.I0

RESMMCTED
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APPE•DIX TABLE 131 STRICTEDhm

WMJZ AGC? SCORES (AREA 1) AM~ONG 71 FROSTBITE CAME AN4D 1124 bm~
PRE-EXPOSURE CO:ITWLS DISTRIBUTED ACCORDING TO hACE AND

1MZIO*I OF ORIGII-
KOREA, 1951-52 - p 4

AG.? Score -- Area I
Region "

and ____ Cases Controls
Race Mean S.D. if H,__

h l o. Score S.D. No. Score S.D. "

North White 6 103.50 ± 20.,04 347 98.86 ± 18.69
South Wte 20 89.25 17.58 1 579 92.15 ± 16.95

North Negro 2 58-50 - 10 78.30 12.56
South 'Nepro 43 739 143 178. 70.81 ±12.46

Total White 26 92.54. ± 18.45 926 94.67 17i.92 .
Total V:egro 45 73.24 ± 14.41 188 71.21 3 12.51

APPEDIX TAMgE 132

mu;f AGC? SCORES (AREA III) A1!0I':G 71 F?0STDITE CASES AMD 1302
PflE-EXPOSUREL CONTM~LS DISTR'1rJTM ACCOR~DING TO RAC.E AMD

?EGION OF ORIGIN
KOREA, 1951-52

AGCT Score.-- Area IIIRegion ....
ar4 Cases Controls

'lace '-!ean Mean
1:0. Seore S.D. No. Score S.D.

North W'hite 6 104.67 ± 19.98 424 98.93 - 18.81
South "-Jaite 20 E8.0 ± 18.74 69 91.75 18.73

North Vegro 2 58.50 - 10 76.8o ± 11.21
South !:ei'ro .j .f. ± 16.1'0 179 0. .3 1 .....

Total Whit, 26 92.2-3 - 19.57 113 94.49 ± 19.08
Total N:erro 15 73.16 ± 16.41 189 70.70 ± 13.55

550
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APPIME*IX TABLE 133 IUI

"t" CoUWAMSI5!S OF XEJJ1 AGCT SCOIMS (AREA 1) MaR ?1
FROSTBT& CASES AMI li14 P.HZ-EXPOSURE COUTU,

KOREA, 1951-52

TConparison Difference It p
__ __,_ _... ..... _ in Mean
North -rhite Control vs South Vhite Control 6.71 5.473 <.01
North Whitte Cases vs 3outh White Cases 14.25 1.569 >.10
North Negro Control vs South Negro Control 7.49 1.835 >.05
I orth White Control vs North White Cases 4.64 0.562 >.60

-_South White Control vs South White Cases 2.90 0.726 >.40
South Negro Control vs South Negro Cases 3.12 1.312 >.10
.orth White Control vs North Uegro Control 20.56 5.018 <.01
South White Cases vs South Negro Cases 15.32 3.406 <.O1
South White Control vs South Uegro Control 21.3 18.248 !<.01

S•APF IDIX TABLE 134

"t" COWARISOW OF ;MA:; AGCT 3CORW. (AREA Lu) FOt 7n
FROSTBITE CASES AIM 1302 PFE-EXPOSURE CON-)Ij

KOREA, 1951-52

Comparison Difference i p"'" in Yean

-"orth White Control vs South .'hito Control 7.18 6.193 <.O1

":orth White Cases vs South White Cases 16.17 1.763 >.05
' :.orth Negro Control vs South N:egro Control 6.44 1.746 >.05

" orth Negro Cases vs South Negro Cases 15.34 1.407 >.IO
* North *.'hite Control vs North White Ca~es 5.74 0.699 >.40

South Whnite Control vs South White Cases 3.25 0.764 >.40
South Negro Control vs South Negro Cases 3.48 1.286 >.iO
"orth Negro Control vs North Negro Cases 18.30 1.636 >.1O
.:orth rhite Control vs N:orth ::egro Control 22.13 6.046 <.01
"South White Control vs South !;egro Control 21.39 17.187 <.01
.orth White Cases vs ::orth "egro Cases 46.17 3.450 <.01
South WIhite Cases vs South :;eyro Cases 14.A66 3.001 <.01

;":::' RESTRWICTD
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APP`e.DIX TABIZ 135 i.sm* W,•u "

COMPARISON OF CLIMATIC REIONS WITH R-SPECT TO m1SOIIAL HYGID
AM4ONG 1279 WHITE PRE.-EPOSURE CONTROLS

KOREA, 1951-52

Climatic Reg ion _____

Personal
Hygiene .it . .. III IV V. Total

No. N . n. ,o..

Excelled 21 15.4 65 18.7 I79 15.0 140 16.1 1 5.6 206 16.1
Good 98 72.0 252 72.41406 76.8 177 71.0 15 83.3 914 74o.1
Poor 1 . 8.91 131 8.1 12 12.9 2 11.1 125 -98

TOTAL 136 99,9 348 100.0 528 99.9 249 100.0 18 100. 1279 100.0

Ji square -8.111 df -8 P >-0

APPENDIX TABLE 136

CCKPARISO!J OF CLDIATIC RMJIONS WITH REVECT TO R31= H MGID

AM.•1G 275 NEGRO PRH-E I SE CONTROLS
KOREA, 1951-52

Climatic Region
Personal
"tHygiene I III -l IV V Total

No. No. I No. f o. o. j N o. %
Excellent 0 2 8.3 5 3.0 7 810 - 1 .
Good 0 16 66.6121 73.3 66 76.7 0 -203 738

Poor , 25.0 3 21. 13 15-1 0 - 1' 21.1

TOTAL 0 - 12 99.9 165 99.9186 99.9 0 - 2751100

Chi square - 5.850 df 4 4 P >.20

RESMIUfTEDbcwltT Wuutm
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APPENDIX FIGURE I COLO NMJURY -KOREA, 1951- It
WEEKLY RATE PER 100O ANNUM FOR ENTIRE *1h ARiMY.[
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A CLINICAL EVAILUATION OF FROSTBITE
KOfEA, 1951-52

.1 The winter of 1951-52, unlike the previious winter, found the

United t ates troops eneaged in a holdinj action with their offensive

tactics limited to patrols ram.ring from squid to corpany size. Also

the protection of the individual soldier against inclement weather

twas irv--ved boecause of better shelters, newer t;.pes of Protective

clothing and m~ore pront lVgistical surport. In spite of these us-

"rovements 716 cases of authenticated frostbIte occurred amiong the

United States troops.
j The classification of frostbite lesions used in 191,0-51 eas

Sari., utilt:el for the 1951-52 cases. This classification is bised

upon tissue cl;.nkves produced by the effect of cold and divides the in-

juries into f..:r uemrees if severity:

1. First deCree froutbite is ch.ractori:ei by nunbness, ery-

th.na, swelling and su.erflctal desquxati.)n of the involved
°"' part.

"" 2. Sccmnd degree frostbite nroduces vesiculation cf the skin.

This InJurl involves only partia.' thickness of the skin

vtd does not extend into the subcntaneous tissue.

3. Tmird deo-rce frcstbfte involves 'the entire thickness of

* skin ext-nding into v•."/r.K depths nf suibcuitaneous tissue.

In these lesions ves1cles ray o•r may not ap:-ear.

-:.-..:,-..-,:..:..............-.....:.... .... :.....................,.... .
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4. Fcurth degreet frostbite causes sufficient injury to the

entire thickness of the part including bone so that lose

J1is inevitable.

The clinical classification of frostbite presently in use lacks

an index to the amount of area involved. A classification has not yet

been devised which includes the degree of injury and area of involve-
I

ment. Until such a classification is formulated complete evaluations
" and •~parisoas of the causative factors, healing time, efficacy of Z
frostbite treatrent, etc., cannot be made.

j Between 20 November 1951 and 15 Harch 1952, 716 confirmed cases

of frostbite were admitted to the cold injury centers in Korea and

" Japan for treatr-ent and disposition.

A cbrparisen of the frostbite cases of" 1951-52 -with those of

i I 1950-51 revealed A shift In the degree of severity (Table 1). In 1950-

51 the severity rate was; first degree 16.7%, second degree 33.6%,

. third degree 43.61 and fourth degree 6.1%. In 1951-52 cases showed an

increase in firs'. degree to 39,0, second degree rc-iining approximately

* : the sa-z &t 36.141, while third and fourth degrees dropped to 20.0 and

S4.6% re.spectively. This decrease in degree of severity was due to

static cc-.bat conditions, milder weather and better Individual protec-

tion against the environment.

Similarly a shift in anatomdcal sites of involvement by frost-

bite was noted. In the 1.95n-51 cold injury cases* the percentage of

feet iniired by frostbite was 87.4.%, hAnds 12.2% and heads (ears-nose)

I *,Orr, K. D. and D. C. Fainer, "Cold Injuries in Korea During Winter of
1950-51". M'edicine Vol. 31, No. 2,

, pp 117-220, Pay 1952.
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i-I DISTRIBUTION OF FROSTBITE CASES BY

Total OF IJURY FO 1950-0-.1W 1951-52

*hDesaree of . of Caces Percent
,0ax4wn Inury 1950-51 ,I51-52 195t-51 191- f2

of Firet 314 279 16.a 39.0a
. Second 6:32 261 33.6 3&.I (

S ThiR . 819 IOF 7 C3.6 20.0 J
Fourth 115 03 6.1 N.6

harid 2.1% res22e.tvely (Table 1A).

"Four DISTtIhUTI OF 716 CASES OF FC5.4 TITE BY D0 3 R
""t 589 100.0ITY 184D 10AT.ICA0 5 . .OF DiJU0Y

p.9

SDe'gee of Fe,.t - 71.%• I!.unds - 23c.a 1sers - Nose - 2.&b Total

•First 251. 43.1 86 46•.7 6 31.6 346' 43.7
' •cernd 177 30.1 75 /.0.8 13 68.1. 265 33.5

SThird 131 22.2 13 7.1 0 0 144 18.2
StFourth 27 4.6 10 5.4 0 0 37 4,.7

-"•Total 589 100.0 184• 100.0 19 100.0 792; 100. 0

i *Includes cases where bet~h hands

Sand feet in the sae individual were injured

"The rattcl incidence of frostbite of the foeet for United States

.53 . .573
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troops In 1951-52 had a percentage distribution of 59 and 41% for White

and Negro soldiers respectively. The distribution for frostbite of the

hands was 58.6& for Whites and 41.4% for Negroes (Table 2). Among 585

cases with frostbite of the feet the Negro soldier had a higher percen-

tape of third and fourth degree involvement than the Wite. Th , same

pattern except for fourth degree Injuries was found in 181 cases with

frostbite of the hand.

TABLN 2

DISTRIB•TION, OF 705 CA-S7 OF F0osnTIT - RACE, D3Ra OF INJURr
L0D ANATOMICAL LOCATION OF DMURY

Degree Feet __ArdsSof ;."nte M,' o 41 Un•ite - 58.6'5"•: - 41.4%
injury K;N. of 110 •:o.-orT No. of 110. of

ClxsJJ.'om %j C-l I~ Cases ~

First 164 47.5 87 36.2 58 54.7 27 36.0
Second 109 31.6 68 28.3 37 34.9 36 48.0
Third 58 16.8 72 30.0 4 3.8 9 12.0
Fourth 14 4-.1 13 5.4 1 6.6 3 4.0-

Total 345 00.O 24,0 99.9 106 ICO.O 75 100.0

The sites of maxinwe involvem'.nt for 578 patients with frostbite

of the feet varied according to the degree of severity. In first,

second and third deZrce lesions the most corr'on site was the great toe.

In fourth degree frostbite all toes were more often involved than one

single toe (Table 3). Irrespective of degree of injury, the great toe

was inore frequently involved (53.5%) than any other single toe, cobi-

nation of toes or parts of the foot. There was no consistent site of

maz-wxtn involvement for 325 single hands injured by frostbite when
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classified by degree of severity. Irrespective of degree of

in•jurys however, 56.9% of the frostbitten hands had more than

two finger tips injured by cold (Table 4).

n. CumnCA MANIFSTATIONa

The clinical madifestations of frostbite injuries.have

been described for the cases that occurred in 1950-51*. The

frostbite patients of 1951-52 had a similar pattern of clinical

manifestationu. There was no dissimilarity in the clinical

€course of ,ie two groups of frostbite cases.

Certain factors which contribuatid to the clinical course

F :. of frostbite were not preirlously considered In the analysis of

the 195Q-51 cases but an cp-,.rtunity presented itself in the

winter of 1951-52 to do 3c. Tho3e factors includedt degree of

Injury. anatod.1cal site of lnvolvc.cnt, race. duratibn of cold

expoerom, methods or rcv~n..Jn. type of fcotgear wo•*n type of

handgear warn. condition of the extreitity at time of injury and

typo of treatment. Two ellirdcl aspects of frostbite lend

"therjelves so criteria fc• ev&lustion of tha restoration of

cold d-.aaad tissues: 1) the drying time of ve.ticles and

* ! 2) the healing tie of the lesions.

The drying time of vesicles was defined as the number of

." dAys (from time of Injury) re-l.i1red to co-.plete the process of

drying. Drying wns coai-iered to be primoril, dopendy-nt upon

* the status or circulation around the bitse of the vesicle. A

' ", Krr . D. AM D. C. FaLn,,r. C(,)Id lnri,*• In Lor.;a during the
wvint.er of 19"•5-1. rdicine. 31: 117-220, Pay 1952.
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vesicle of either second or third degree was considered to be

completely dried when its contents, had been reabsorbed. and no

break or leakage fros the iesicle wall had existed throuemot the

* aentire period of drying. The top of the V031Cl. at tim Of

completion of drying formed a firms dry. tough eschar.

Ihaling time was defined as the number of days (from time of

-injury) required to complete the healing process. The hse&Ung of

frostbite lesions was conoidered to be complete when the following

criteria were fulfilled.

1. First Degree

The Involved pert no longer showed %Igns of edemsa

or erythena and superficial. d@AvquUntin of the skin

wu. almost comapleted.

2. Second Degree

The oeshar derived frwa the d. .d vesicle was

sloughed and the underlying intact opithelium

sufficiently keratinized so that It would riot break

down w.hen the patient was sllowed to be ambcalatory.

~.Third Degree

The eschar overlying the lesion Wd slougled and

the eArlier underlying ulceration extending into the

subcutaneous t~isrna was covered by intsct new skin

sufficiently keratinizod so as to allow the patient

to be ambulatory.

4. Fourth Degree

No healing tine could be deteronend since healing

MR*1
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of these lesions had #o be dependent upon the time

that qlective surgical intervention was instituted.

ri.AN~AWUA'TION OF FAC'MORM IWA? MY~ ALTER TM-~ DRYING MND
lsr.ALNG TLIzS OF (w4OS13' M-1011§

A. Degree of Injury and Anatodeal Site

The anatomical site of tht Injury and Its degree

of severity must be eonsidered %hen evaluating the

different drying times of vesicles. The mean time

required for the drying or vesicles of second degree

froAtite was 12.2 days for injuries or the rfet alone.

10.2 dals for feet a•d haMs combined in the same

patient And 13.9 days for Injuries of the hands alone

(Tatbl^ 5). Cornparisons between these moans shoised th"m

not to be sdtificently different. The mer.M vesicular

drying tLnes for huds and* feet with third degree

lesions utro not aimiticantly different. There was@

however. a significant differe:nce between the drying

time of second and third de-r-e vesicles of the feet

tuat not in tte case of hands.

It was concluded from the results of th.e comarisons

shown in Table 5. that the dr7ing tine of vs. eclss

depenled upon the degree of Injury and not upon the

anat~oIcal site.

The Linej required for heal~ing of frostbite lesions alý*

was ev:,luated according, to theeir anstooical site and

"dec-roe of severity. The mean healing : for feet

7 A,
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COUARIV OF )WM DRYING TDIE OF VEICL•S FOR 227 CASES
OF FROSTBITE WITH REPECT TO MM?.ZE OF INJURY AND

AMATOMICAL SITE O0 D!LV•EWT

Degree ' Site of N,"o. of Mear Dryg Standard

I Second Feet 99 12.2 I 7.29
S 4c•._- 1.2.. >-20

Second Feet 99 "12.228
I ~~r ;'Ft 4ui1 ~ .... ~ 1,3>11hi.rd Feet 66 19.9 -9.-50 1-36 -10

Second Feet. 99 12.Z. 7.28d Feet_ 5.551 . . _ ..
Second Hands 33 1..9 -. 51 0- -* ..fl ,.r�.. _� ?.9 _0.539 X.50

irrospectivc of deg~re of in.sry was 36 days, which

proved to be sirpLfIcantly Ionrer than the nean of 2A.&

days for hands (Tz.ble 6). If-.c.a the hands and feet were

gropred toiether the ri-an days required for healing of

first degr.,e was .1.3 days, second decree 23.7 days and

third deree 53.0 days. ThzEm was r.o sigificant, dif-

* I ference between the m-.xL heallng tine of first and second

S.degree lesions. There was, however, a significant

* : differeneu between first and third, and second and third

degree lesions. Co-.,part!.ns botween m.oan healing times

"of hxnds and feet %.tthln the sae de;ree of inýisry show• d

"that only in stcord de-ree was there a siinificant dif-

* ference. Froi tLese ccr.-pirieons in addition to others

"in Table 6 it was concluded:

1) Second degree frostbite of th' feet takes lonper to

' 5800
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heal than do hand lesions of like degreeo

2) The healing time of first and second degree lesions

regardless of anaut0ccal mite are not significantly

different.

Th) e healing time for third degree lesions of the feet

was sirtlficantly longer than for first and second

degree.

C ALZNOF Y%1 FrGM.P 318 CASES OF FIRST, SS00NDJP D TIURD DCCRPrr VX•rELM OF 71M ET AN£D HAN;DS

Deree of Part ?o. of XTn Hie. anl Standard

C . I Feet 222 36.0 ..!21.0 27 0e--•n¢..1~21" !1,2 .. •L - •; & i . 9.: 5 5.267 <.CO t,

.kc.. c1)id 173 23.7 1 9.95 13.396 <.001
Th.rd Cl-'.' n .09_ , .• Firit F .W .... (. 1.99 >.20

Fi;rit Fe±et 23 20 .6 J.W 935 <
S9Thr 3•_._ - ±..17
'.'cond Feet 104p 25.3 L 1 <.00

First H;!r.ds 4 22.8 :11-13 0.19. >.13
Ieeod U!nnd !491 21.7 1 Ml7
First H&nda 1 22.9 Z21.13 2.142 >.05

SThi.rd .•!.ndi 6 ?.q.O 5 . 518 .
.,V. ti 1is 27e .2..5 1.D.&.L 0.345• ý >.60

' ~ ~ ~ ~ ~ ~ ~ ~ ý 2eo< Ft ~ -"•.!' .IO} .372 <.02
I I iid Fret 53.2 17

:: ! . ..
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3. Race

MTe drying time and healing time in second and third

degree frostbite were evaluated with respect to race.

anatomical site and degree of injury. The mean days

required to dry second degree vesicles of the feet

Sfor the Whites was 12.6 wrd for thi Negroes 12.8 (Table 7).

SSecond degree vesicles of hands had a mean drying time in

Whites of 14.2 days and in Negroes 13.8 days. The third

: degree lesions of feet had a mean vesicular drying #me

for Whites of 17.8 day: and •egroes 21.1 days. V tn the

degree of injury was kept constant comparisons of the

"above mea.-.s between race and anatomical sites yielded

po statistically signifcant differences. The only

sigificant chGnnea in arying tiko occurred between degree

of Injutry. The fa-7tor of race did not Influence the

drying ti4-a of va.,iAcc3 of frositbite.

. ; To elicit racial differo nces in the healing times

.12 4,xte and 116 Neg-o frostbite cASeS were co€pared

(Table 8). Regardless of anatordcal site or degree of

severity of frostbite lesions the mean healing tire for

Negro soldierm was significantly higher than for the khite

soldiers. The explanation for this difference may be

found in Table 2 where it has been shown that the Negro

soliiers incurred hlgher percentages of third and fourth

"degree frostbite. There were no sigiificAnt differences

In he.ling ti•es betwe'n the races'when conparpirons were

582
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k ~colCARS Fe F ;nt* 61N 12.IN& 6.50FVZILS
196 CFeSt OFit FR2SBT 1F .IE 7.9DIhREPC

SeREE0co. Feet RC. 3 D SITE 8 6

I- -

Ulý :99 0.5 >6

*~~~1 .Dse Steo.8 D171 I
Second Feet jhcit 61 12.3 6."0 085 3
Second e 21t 1 !24 0.28.5 .263 <.00

Second F Ree t O lEr 38 12.6 O 6.9 O

7.. ;.:........•m

Secnd Ikt iJ-at ~ . 13.8 -= 6.8 2.6"6

S egeeol llad iite 17o .2 7-0 yln .S
Or [ rdop tadr

" Second Feet j:i 615 12.8 6.0 -

T-hii-d Foot 23 17-11 7..W. .. 17.8>7.9

Second Foot 6e1 . 6A 0.600 >.50

,.'"Seco:, ll•d '' _ 15A 13.8. 6. - -

S~cI Hands j.".its 17 14 7 09 680 >.4
1ýenr.1~ Fc 11-iy 3. 12.8 M 6.cQ

Second Feet Waite 61 12.6 - 6.50 4.760 <.001
-. 'Tlr-d Fe~t .... -e 74 i<2 21.1 .- 02
Second Hn4ds :;Ate 17 1h .2 ' 2..9 <-01
I-Tnd Not'rd.J• o" " &.• 2.1. 10.28

mad* of frostbite lesions having like degroee of in3jr7

and anatomial sites of 1nvolveent. TMs was also

the exso wrhen the racial comparisons were made between

lesions at like degree irrespective of anatomical -tite.

Earlier evaluations (Table 6) showed tha.t 0respective

of race there was a significantly shorter heAlinr time

for second degree t.- tbite of the hands as co.mpred to

like Sn i ion s of the feet. However. when these sam. e

583o
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*comparisons were made with respect to race the Neg~ro

hong te ce of ah patbiten

upon the race of the patient.

MLUIAS1 OFP FAN HFALITG TDr. FOR 278 CASES 0 "W3STEITE
WITH RIWSECT TO DEG~ 02?O INJUHY9 XANAV.ý(CAL SITE AND RACE

1 -1 )Mean

Degree No. Healin

0 - Part- of Time Standard
. ...._. In Daiatiol . t _ P

CAbin ¶IMte Co.7.bined 3142 30.4 !17.97 5Cr-' 1 268651 <601
_ l CIr-'-!z l-d 136 3.2 1.69 -.

-!t , .- te Cc:•-in+.. 19 21.3 Z_16.-54 0 051 >.9
"I;, First *ro C 12 21.5 -_o ...69

j •• I+"- 0;••n•__6I ?t• _+o_3_ .,54l >.6o

Se. cond 07- et 6125.3 S9 -.. 4 X
I , _ .0. 138 >.20

Ti ?cond ,"cro ,,t npe.. 9 -- -
Shird -.;.Ite Fee 61 :1.3 iis )

Fecond .At c~t 25.3 i.1
third .. ;i o Feet
Second 'lite Ii•-es 25 .20.4 M 7.49 1 308 _._0

Second ::,o I Feet 43 23.5 l 0.716 >.110

C. Duration of Prxposure

The duraticn or cold exposure of the frostbite casuzilties

was evalaiated :0o as to determine its Influence upon the

clinicail ecurne of the injury-. The duration of oxpocure

584
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was defined as the numbert of hours the patient was

exposed to a low ambient temperature during wtidch time

he developed a cold Irnury. The onset of exposure was

considered that time when the soldier either became

in=bilov (pinned down) or noted the onset oa numbness

of an extremity which subsequently shoe positive sipis

• ; iof frosttite. In or-der to measure exposure time an

the basis at numbness, this com.plaint =st have progres-ed

Sto a state where the area of involvcemnt r.parted to the

soldier the sensation of wleint like - block of woodw.

Exposure to cold was terminated at. the time the

jI immovbile (pinned down) soldier became =obile (walking).

and/or when the nuniness of the involved extreamty

disappeared.

An at*.empt was made to divide the cases into two

sr eial groups so as to illustrate the existence of

differen~ces* if any, in the dryirg Otine And healing time

Sof rrostktte lesions in relation to duration of exposure.

Since the most r~enrly accurate i!esig.-Aton at" exposure

tine w-s in interv-ls of . hours the clOsatt gro.ip whieh

would cont-in 'C.f of the cases was 0 to 8 hours. Actu-

ally 62.9,; of the 716 cazses of froutblte were represented

by the exosure inteo:•al .ip to i.n. .cluding 8 hours.

T he cold exposure tin.e for 216 nases of second mnd

-t.Ird deg.re frostl-ite r•r.ged bewý.een I and 72 hours.

Het;:,rdleas or duration of expotjure tfe nean drying time

S585
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of vesicles among second degree frostbite cases was

significantly shorter than for cases of third degree

(Table 9). The mean vesicular drying time for patients

with second degree frostbite who had a cold exposure

of 0 to 8 hours was 11.8 days. This drying time was

significantly lower than the mean drying time of UJ.6

days attained by cabes of lice degree of injury but

with an exposure time of 8.1 to 72 hours. In third

degree frostbite there was no significant difference

between the mean drying time of vesicles with a cold

exposre of 1 to 8 hours, and those with an exposure of

8.1 to 72 hours. Second degree vesicles resulting from

* i a cold exposure of 8.1 to 72 hwurs required almost as

nich time to dry as did third-dcerso vesicles with. a

1 to 8 hour exposure. The conclusions derived from

Table 9 were:

1) The drying time of second degree vesicles was

dependont upon the duration of exTpore, i.e.,

the longer the exposure, the greater was the

vesicular drfing time.

2) The drying tine of third desree vcnicles was not

altered by the different dutration of exaqsures.

The time req.uircd for the Ie-oling of 213 cases of

frostbite of the feet '-,s also evnlliated according to

the length of cold exo)qsmre. T7.c only signilficant

¶ prol~ngatlon of healing as a result of an increase in

586
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COWHARLISOM OF M~AN DRYING TIM OF VESICLIS FOR 216 CASES
O FROSTEBITE WITH RESPECT TO D-OOR 0" DINJUE

AND THE DATION 0F COLD ETOSO

Degree of Exposure Time No. of Mean Drying Standard
In.*ury (Hours) Cases Tte (Days)i Doiation t P

Second' 0-7?2 142 1 12.7 !6*5 33 <0
Third 0 - 72 L 7 19. t6 .335 <.01
Second 0 -8 97 U.s lb-6.3
&-cord. 8.1 - 72 45 n.6 !6- 2.312 <.02

( Third* 0 - 8 41 17.9 t9.39
i.'rd 8.1 - 72 13 21.2 t9.56 1.525 >.l0

Second 0- a 97 11.8 !6 33 7 (
•ni rd 0 - 1 . 1 2L9 3.776 <.001
Second 0 - 8 97 U1.8 :o-33

-d 8.1 - 72 .23 21.2 +9.56 5.274 <.001
Second 8.1 - 72 4.5 14.6 Z6.76 1
Third o-8 1 17. .9 l>.5
Second 8.1 - 72 45 14.6 Th6.76

hiTrd. 8.1 - 72 33 21.2 t ±9,56 13,131<,Ol

exposure time occurred in second fetree frostbite lesions

of t1Le feet (Table 10). The mean tealing time of these

lesions resulting from a I to 8 hour exposure was

24.1 days, as compared to a ma.-n of 28.8 da73 for the

8.1 to 72 hour exposure group.

First degree frostbite lesiors of the feet resulting

from a cold exposure of 8.1 to 72 hours required almost

as much time to heal as did second degree lesions with

an exposure of 1 to 8 hours. On the other hand.

first degroe lesions of the feet of the I to 8 hour

e-posure group had a meen healing time of 19.1 days,

which was sinificantly shorter than the 8.1 to 72 hour
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A COM.ARIS, OF KFAN HEALIG TIMM OF 213 CASES
OF FROSTBITE OF T1E FEET WITH RES?--'T TO DECREE

OF D•,'UR ANJD DURATION OF COLD -POSURE

Degree Exosure No.
of Thze of Mean Healing Standard

X .ha fiours) Caese Time (Days) r•-.-iation t P *,

First 0 -72 28 20.6 =l2J.60 -10
Second 0 - 72 99 2j. L10.39 1.637 >.10
First 0 - 72 28 20.6 ..14 60
Third 0 - 72 86 52.6 _L,9.91 9.142 <.001
Second 0 - 72 99 25.4 Z±0.39
T71rd 0 - 72 86 52.6 .19, 3 <

First 0 - 8 17 19.1 ! 9.45
First 8.1 - 72 11 22.9 21..25 0.557 >.60

S3eond 0 - 8 70 24.1 2210.13 6 .0
51cord 8.1 - 72 29 28.8 2.026 <.05
Third 0 - 8 51 51.9 =.9.01Third 8.1i-72 25 52.5 !71.1I 0.1 6 >7

First 0 - 8 17 19.1 19.45
Second 0 - 8 _7 .24.1 -!10. 1.910 X05
First 8 - 7 17 29.1 - 0.45 0.87 <.O0

S'Žrmnc 8.1 - 72 2j 88.m6 .'7<O

Mirst 0 - 8. 17 19.1 Z .•5•r• 0 -8 5 5i9 •.01O 9-329 <-001-
0 : 8 1 19.1 9.45-

.2±2rd... -.. 11 8.1117 <.001

First 8.1 - 72 11 22.9 1a.25
S.cone 0- 8 70 v ..1 -1',.11 178 >.O

Seco 0- 0 24.03

First 8.1 - 72 11 229 .125 7.82 30S,con(_ 81 - 72 29 28.8 !O.63 6.982 >.00First 8.1 - 72 ii1 22.9 Z21.25
Third 0 - 8 51 51.9 L-. 4.177 <.001..
:First 8.1 - 72 29 22.9 1.25Thl' rrd . 8...1 - 72 , _ 35 _ _ 3 .5. !..=t .iI 4.176 <.001

Second 0 - 8 70 2J4. 1 -10.12

Second 0 - a 7 24.1 .. 1
T~h. __rd8.1 - 72 35 5, •.1 7.820 <.001

Sacond 8.1 - 72 29 28.8 0.6' _Third 0 - a 51 1.9 •_.1 6.S <.1
S,•conc 8.1 - 72 29 f 28.8 :-10.63 ,
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second degree lesions of ti,.e feet whose mean was 28.8

dayq. These differences in healing times of first and

second degree frostbite of the feet were not evIdent

in the other types of co-.parisons shown in Tables 6 and

8. The different cold exposure times didnot signifi-

cantly alter the mean healing times of first and third

degree frostbite of the feet. It is postulated that

C) because of prolonged cold exposure first degree lesions

of the feet were almost identical to second degree

lesions with regard to th.eir rate of healing, although

tissue changes indicative of second degree were not -

present.

The healing tine of 58 cases of frostbite of the

hands were compared on the basis of their degree of

severity and duration of ehqvos're (Table 11). ReCard-

less of the degree of inrury the healing time of hand

lesions resulting fro~t an exposure of 1 tck 8 hours was

not sigtificantly different than those cases with a

cold exposure of 8.1 to 72 hours. Forty-five cases

with second degree of the h-nds with an exposure of

I to 8 hours had a mean healing time that was not

significantly different from three cases with an

exposure of over 8 hours. The comparisons of healing

times for hands a3 siown in Table 11 indicate that the

durzation of exposure was not an influencing factor in

tie healing of this type of frostbite injury.
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TABUE U

O0DV'AMSOS OF NEI IMALING TDS OF 58 CAS--Z OF
FM53T-I3TZ OF TIE •V"DS WITH RMPECT TO DBGREE

OF INJUIr AiND DURATION O COLD E0OWiSUR

Degrce of nqpolure Time 1No. of Mean Healin Standard
Inur JCr. 3. caps Ti-ae (ra'i Zn 1t t .2.

First 0 -72 4 22.8 !11.13 0
Eajgond 0 - 72 1,8 21.9 2±7.94 0-143
First 0 - 72 & 22.8 -111.13

rd_ o0-22 6. tI,.O vu"5. .6 2.V,2 >.o5
Second 0 - 72 48 22.8 7.94
, .. r._., 0 - 7a .. 6 ... ..8.o 2493 <.02
Coabinod 0 -8 572 24..5 2 0.200 >.80

Second 0 -8 45 22.3 ±i 7.97 .196 >.0
"'- .1 - 72 616.7 !t 7>.08

• rd -.. 0.?- - 428-39LThid 9.0 7

D. Kthods Used to Rewrm

* The four different methods that were used by the.

individual soldiers or battalion surgeons to rewarm

frostbitten parts weres walkinCs exposure to an open

Sfir. massage and exposure to a room temperature

environment (70"-78"P.). The r.aority of cases were

rewarmed by One of the first three methods prior to

being seen by the battalion surgeon (Table 12). 0f

the three methods used by the individual soldiers to

acec•;plish rewmr~ing, walking was cons'idered to be

the most traumatic to the pre-7I.y>eremic cold injired

lower extremity. Cases of frostbite of the feet

rewarmed by massage or exposure to an open fire

usaAlly did not give a historl of tramxma by walking
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METHODS OF PzdA1MrAG ML4PYED BY 561 CASES OF FROSTBITE
OF THE F.FZ ACCORDING ,'0 DEGREZ OF INJUIr

Methods of I ,S of. ......
Rewrarming Lrst I Smccr, Thir•d Fc'•hi Total

_sd.o. f'M "'0.

Or,,n Firg .• I•.["Lo 2o.2

fioCi Te9.p.rnture.
f..po.ur . ..

--- 6 __ 2.21 0.! 0 0 0 -2 -1.

0-, 9 -0 0 - 0, 4
Col1d Water SoAks 1j 0.41. 00 0 0 .

Total A1.0 j99.9 176 9C0 2499 561' 100.0

t~o the pre-+yp-rew-ic lower oxtretiity. Revmrning of

"lower extremitzes by meons of room t.perature .xosure

"of 700 to 70" 7. ustua•ly tcsk place in the platoon warm-up

1 i "burkers or the battalion a!d station. The majority of

patients with lover ixtremity involvement who were

"rewarmed by this method were transportel to a room

tomporature environment on a Utter which obviated the

traumatic factor of walkrtg. The eases with frostbite

of the hands utilized eitlter expo.-ure to open fire.

massage or a room terperature exposure to bring about

"revanming (Table 1)). The placing of the hsuids under-

neath the parka next to th.e boy vas €on-ldered

"equivalent to a room ter.erature exposure and was so

$9.
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TMLE 13

METHODS OF RVAP.R9NG DTIW?.D DY 99 CASES OF FROSTBITE
i OF TIIE HANDS ACCOPDI:;3 TO DEfjP., OF DIJURY

Methods of Dep-ee of Inf1rX
R.ovarming Frst &"'-mnd Third Fourth __ 'ta

Used '. as '- 9... o N___ o
S•,•l•• --o!1 o-o o

0~~n~f 0 O j 0 0 0 0Q0
On r,-, r .... 1. 27.6 - 177''" )I,.3 0 . 25.3

11 3"_. 13 22.0 1 14.3 1 25.0 Z6
Pntcm~ Tc-iperat~ure J
&-;osure
-(.-- 7 9. .1o •.0 -8 3.
Irt Itero 2 - 10 0 0 0... ... L.

0 0 0 0 1~ 0 .
Cold "tor Soaks 0 0 2 - -24- 0 0 0 0 2 2.0

"Total 29 100.0•59 100.0 7 100.0 4 00.0 99 100.1

Sdesignated. Shortly aftor c• tip.tIon of rewarming the

patient usually noted ore or mre of the following signs

or Symptoms= burnirgo stingfr& achire pain, paresthesias.

edema, hyperemda or re:icle formtion.

Table 11. shows co-,).Arisons of the mean drying times

ot vesicles for 215 cases of seeornd and third degree

frostbite according to the method that was used to rewarm

the cold injured part. The me,%n drying tim.es of second

degree vesicles were not sign!Ilcantly altered by %ny

single method of rew•eAz.ing. The reans raneed from 11.5

to 13.4 days. Those tlird degr"e cases rewarmed by a

room te.mperature exporire required a mean of 13.0 days

to complete the dryin, of t?.eir veticles. This mean was
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~~ I-TABUE Uf

C0u.YARIS01I OF MK'JWf DRyLDIG TD(E OF M!ICJ-l FIR

215 CASES OF FXSTRITE .qITHl IIPECT TO DFZREE

OF INJURY AND ?MrODS USED TO REWARM

oS econd A Ulcn U 2 11.5 t 66 5 .2 1 .00

* ThiSecod Walking . .2

* ~ ~onod *4.'alking 20 11..L .... 1. . 29 -14 >. 10..

Thi od ROM Te'p. 6.618 3.

ISec on~d 0,,,-n !'r 40~. 12 :5 4 1 .02 0 .2 X 50

20.0

se Sc45 M 5 r 12.4 + 6.68 0.407 > -60

.1~~ di5
* ~1- 12 **
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lower than the means obtained for the patients who were

rewarmed by either walking, open fire exposure or

masage. However# only in the ccparison between the

vesicular drying times of the room temperature exposure

and open fire exosure groups was th're a siificant

differince. Comparisons were also made between the

mean drying time of vesicles of third degree lesions of

the rom temperature exposure group and all those of

second degree rewaraing groups. These coaparisons show

that the vesicular drying time in third degree lesions

rewarmed at a rom tapereture exposre were not signifi-

cantly different from the mean drying time of the second

degree lesions regardless of the type of rewarming.

Tharefore. on the basis of the vesicular dryine tins in

third degree frostbite, the best method of rewarLdng was

a rom temparature exposure of 70" to 78*F. and the

poorest was exposure to an open fire.

The neon hebling times for 212 cases of frostbite

of the feet were determined in accordance with the

method of resnrming that was used by each patient.

The mean healing tines regardless of degree of injury.

for each of the foLlowing rewr .iTng groups wass

walking 43.9 days. open fire exposure 35.8 days,

massage 35.7 days and room teiperature exposure 28.1

days. The rown teriperature exposure group took a
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significantly shcrtcr period of time to heal than did

arW other group (Table 15). The healing time of first

degr-e frostbite of the feet when categorized according

to zathods used to eiiarm after Injury ranged from

154. to 35.0 days. Coarisorns of the four rewarmIng

groups in first deoree frostbite showed no statistically

significant differences in the mean healing times.

Sinilar comparisons of the haling time of second de-ee

lesions of tte feet with respect to the method employed

to rew3rm the injured part showed no significant dif-

ferences. The rartes of the means in second degree

were 22.9 to 26.8 days.

Eighty-six patients with third degree frostbite of

the feet when grouped according to the type of rewarm-

ing used had the following main healing tir.is: walkng

+ ,61.2 days, massage 53.9 days, open fire exposure 49.7

I days and room te.-:perature exposure 384.4 days. The

mean healing time for third degree frostbite of the

feet vhen rewarned by room temperature exposure was

sIgnirficantly shorter than the ,ime needed for feet

Swith a like degree of injury when other methods such

as walking, expolure to an epen fire or aassage were

used. The mean heaflrng tire for third degree frostbite

"of the feet rewarmed by exposure to an open fire was

significantl7 Aorter (11.5 days less) than the tims

re i" red by those cazes who attaired rv.iar=!-ng by

* 595
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TAN3 15

O ,HPARXSM OF WAN HEALING TIES OF V-2 CASES OF FROSTBITE
V THE FEET WITH RPSfE-:. T DM-.O OF INJURY AND

XM•,vS USED TO R-A.(R Ti- L-N.URED PART

J f ar ethod Used of T±-a Standard

_____l to Rwa rm C~f"! (D:-.' rtviatior P

First All Vethods C•mbine 25 2 .7 j !.4.67
Se3rnd a , a(l 25.5 1 !1009 1.508 %.

First 0 a 0 . 2-N.7jf.4.67
Uti U jrs 52 -a I0t9.3 8.661 <.001

S'ocond U ~ j 25.3 ZIO-38 -

T ,rd ; 522 +-1.95 11.241 <.O01
Cmbined Milking 52 4.3.1 !.i.08 - -

Oren Fire Z.9'

Wakn 5.90 >.0 .

), ' " E~~o."3Tnporaturs 4.217 <,.-••I. .001

Pvs- c 35- *!~sT :1";8 "oI 1.831 >.03

Rr1 Terature M ' 12 e 2.425 <.02

" I0,3c, Fire t3 a5.. ±19.,3

S"t':c ",peraturo 5) L 2.X6 :2.6',

Fis 9~~~r 5.61~ 1.285 >.20
" Wa)klng 5 3M.- t.Z23-61

* P'_Tu•~ t~r w 1,.,•.oI 1.6"01 >.2;0
."a..'ae 1;I' I*.•p

"" Cp'-'j~r, Fie 17.---.-'4?"+ 0.102 >.60I li i1 Tc 7ýiriturs 5*e90

. open Fire 7 . -... 7 o.. -..o
a .-7-ratur 0.452 >.60"• e�pra I 12. . t 9.0-p

',a _.___,•, ____ _ _• I 1. • +12.O• 0.706 >.Idzr Walking22 ;:t. !A2.18 106>"Op"n Fire .! 0.273 >.70

S1,076 '>. 20
1 Open Fire 21 Z;.1. . 3 0.8 >.60

T m-1 VAture _ .- . - -
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TAME 15 (con't)

COM*RISV OF )W MIALf, TD(ES O? 212 CAS'S OF F1-TBITS E
OF •..M-FEET WITH usksCr TO D•XR,• OF DiJURT AIo

WWTHODS USED TO REWARM ThT INJURED PART

mean

of )hthod Usad of ?Tim Standard
In to Rs'.ra C a1•3 Mal•s •hD..-Ytion t P
Second O~en Flie 21 25.4 M- .32 O.n,8• >. 40

. 21 22.9 ! 9.63.. F , .€.-:s• Teprature- 33 26.8 1'9.66
} • -' 'e25 22.9 A .9.63 1*54/1 >.10

Third wa:--dnx 25 6i.2 .21.31 2.C53 <.0
- -- ' Fire 25 4. il.l.1O 20 3 45
a * -.king 25 61.2 121. 31  0• ?.- Ttiernture .4 . i -

• , 1• n 25 b1.2 Z2.!.31 1.169 >.05*• F -- ', 2e:2 53.9 j --) .1. ,
t" ,.Fire 25 `9.7 J.10 2161<.0

?Te-..-.,rrturo It 17

' " ,•C: ý. Fitre 25 C.9.77]••alCI_;_ re 22 +3.7 ±1.14. 0.732, >.AO

a &c.perature 11 3 1.9
X-. : 22 2. 63 <0.2. .

'lkiUng. The group of patients raedr.--- by rtssaj; had

a b3sainZ time which ,as not s!gnificantly dif•erent

A fwm third desree lesions revar-ed by walkin;. It appeare

that the best method of rewarting, as far as healing of

third degree frostbite of the feet it coneer-ned, was

ex*osurse to a rowi temporature (70* to 78* F.)* the

; ext best method W33 exposure to an open fire and the

poorest was by wa~h7ng.

,he mean healing tL-i for &2 canes of se-cred degree

frc-stbite of the hir.t1, w•th ronpect to the methcd of

roar.nlng used by pattents, ranged fro-a 19.2 to 23./.

59?
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days (Table 16). The largest mean was among those patients

TABU 16

CIARIrSN 07 MEO ? EW LING TDMES 0? 47 CASES OF FRDSTITZ
OF 11H HAN;DS WIfl4 RESPECT TO DEGMM OF INJUPI NID

METHODS USED TO REWARM TEZ INVOLVED PART

Degree ol Method Used No. of Mean Healing Standard
LhDur -. 1 to R'1:n cr&es fcpM s k tint t P

Second Co: 1bined 12 21.7 . 8.01 2.10 <.05

,iFire 13 19.2 t .75
n I36 '2.226 <.05

1owe:.t'Fire 1f 19.2 5ai wn ata9lb h p tr

n " ... o10 •+.•+ ..+!•.•, 0.951 >-30

dSc ,bttctnd he Fh±ao n1. 1 il e1h"0 20• 2,3-+,• .•_ 7 .05 1 -595 > 1
" ro'" U. ieiro to 19.2 Zt i 6.75

"of'-:•1 .... t +9 21Jt . cor O.52t >.60

who hao r-daru ad bt a roon tce vralure exposurt. To

loweuJt mma of 19.2 daya was attainsl by the open fire

exposure gqroup. C-p~ri arons of these mea-ns show them

not to be slinlfic.-ntly different. The healitng of second

degme froitbite of the hrnds was not influenced by the

mpl, t• use.d to 1-Intar-i the cold injury.

There wire only five en~es of third ,legrae frostbite

of t~o hý'•ds w'-* had hecaling tim'..s ,--corded ýdtls respect

to the meothod u.sel to rmitar the inrolIved part. No

5S8
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conclusions could be made regarding the efficacy of

rewarmirg methods for this degree of Injury.

3. Delay In E1vacuation and Medical Can

the rate of wound healing is partial7y dependent upon

the presence or absence of trauma after the Injury has

been sustained. Continuation of trama to an injury may

retard the process of healing. In soe wounds the healing

rate also may be dep.,oent upon the tims proper medical

came is instituted.

In frostbite injurlis the factor of trauna cannot be

eliminated as lorg as the soldier reains on duty. This

trs•a usually results from walking or continuation of

e.Vostre of the Injr-ed tissues to 14 ambient teIera-

"ture8, but not of a 1& enoukh degree to produce further

cold iLjury t* the alre-Ay der-n.ed tissues. For these

reascns tho pre.sent ?Alitary directives on cold injuries

state thnt early ev~cratlon of the frostbite casualty to

a &-lical int.alkl.tion it mnndatory. It io conceivable

that there may be tirtes whon tha success or failure of a

combat PAisAen will depend uopn whethor or not unit

fcrto=ders coply iw-th z-ich a directive. If continuation

of tra=A to a ccld injury does not icrease tha degree

of severity of the -•ux,.i or retard its heLling then a

delay in v,-x.u.ticn in ordor to conterve anpc,-ier and

tirepbn-r r ed cr.'y1CtS1 a succas~aul miesloa rzy~ be

Justi fled.

* . 599
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The effect of continued tramns to frostbite injuries was

determined by evaluating the vesicular drying time and

rat* of wound healing with respect to the time that the

ceasualty was evacuatad from his unit to a medical Instal-

lation. Delay in evacuation from the combat uwit was

defined as the numaber of hours that elapsed between the

accomplishment of rawarming and the arrival of the patient

at the battalion aid station for medical c are. The delay

In evacuation or theoduration of traimn after Injury for

66-1 frostbite casualties ranged from 0 to 504. hours. The

mean delay for the entire group was 102 hours. A value

of zero was applicable to those cases of frostbite who

were rewexrod in the battalion aid station and then evacu-

ated to a larger medical tnstallation via litter.

* ~Durin the winter of 1950-51 it was uncamnon for the

frostbite casualty to be seen ty medical personnel (or

evacuated fromi his unit) prior to rewar!2ing. Only 2.1%

of 1,368 fristbite cases were rrwarcied in a medical

installation. This i~ae situation, existed during the

winter of 1951-52 In that only I..2% of 662 cases were

rewarmed in a medical inrtAllation. The percentage

distribution of 562 caces of frostbite of the feet and

100 caises of frortbite of the ?hands with rospect "a tins

of medical care and evacuation after injury is shown In

Tables 17 and 18.

It is reasonable to assun~e t';t a frostbite casualty

* 600
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*TAMS 17

TDM AFý= REWAMM~ BY DECRFZ OF INJUR.Y WA 562 CA=F
OF FROTIrBITE OF TIES FEET RMM~

FW )4Y.ICAL CARE AZID EV1ACUATIM

Time Arer injury Dores of In lr
For Medical Care Frt Second Third -th I o7tal
and Evacu.itio'i 10.[ 5ýN .0 ~. ::0 j~f

Defor-q liann 10 L 4.11,I 1 0. 6 7j 5. 3~ 712. 2 .
1-24 11rs Aftar1 1 5.*°Rew' r.-inT 2' . LL1...5.1- 1 .0264.

-25- 13Hr3. After I _ .9~2
Revtrin 11 16.9 26 1.3U 21 16.9 21 7. 01.

•4-. 2 Hs. After

-3-*5j-Hrs. After _

Revn~rv 6.2 7 . 1 . 3.832 5s.
97-120 .CrD. After I .

112 5.0 4.7 41320 0 2 .
-24 firs. After ...i

7-f4 Dai•ys After

P-.~-in. 1!_ 6,.21 22 12.9 121 97 16S 2 .t jo7 8'I1.0

* 149-'72 HDays After
Rdrin~ E r .4 121 .21l! 111 0 40 7.1

j.Total O0 [ 170ICO 124 100. 0 25 10.0 562 .0

should be evacuated frw cciibat within 24 hours after

injur. . For this reason the cases wre divided into two

groups (0-2,4' hr. and 24.1 V) 504 br3.) a as to elicit

differences in the drying and healing tires of frostbite

lesions in relation to deL-y In evacuatton and medical

eare.

In second degree frostbite the cases whro vere evacuated

with 1er 214 hour: after injury had a mean vesicle dryongr tib e

of 11.3 days while patients evacuated more than 24 hours

601
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TAMZ 18

TD( AFTER REWARHIN BY MRFZ OF INJURY THAT 100 CASE
OF FROSTBITE OF THE HANDS Ri 'ED

FOR )MDICAL CARE AND EVACUATION

lipe After Injury fF of i-.r"For V C Fet T-_ ,- I. To. oteal

D.-a.
Beor"., 't'';m•+n 2 • . .7. +0 o 2 I 25.0! 3 3.0 +

2-24 IL--. Ateri f2•!~ % ' '
12"5__5.9 7 97,5 I 5o .0

S nUr. After 1 "

P.- .... ,, +_6.9! 4 6.8 WO O 0._+ 6 6.0 :

2V-).3 Hrs. After
nil !. 1. 2 5. 0 0 0 0 7 7.0

firs. After 2 .15.•. .

2-. 0 6 6.0
97-1o2 r. Afterj . z . oo _'

1oa 3.4 0 1 1•0•100O_ O 00.0 1 00 1 .0S1 1,o.,.8 1 , 0 6 6.0 "

P.~~ ~ ýf 31., 3151 , - n .

after injury had a mean of 13.6 days. Cwparison between

these means shawl4d that a delay of rore th.-n 2L. hours in

evacuation resilted In a statistically significant increase

of 2 tdLs In the vesicular drying ti-re (Table 19). The

mean vesicular drying tine for patients with third degree

frostbite who w"3re e'facuatad- tithin 2), hours after injury

was 17.3 days wfdle casos of like dearee who were evacuated

more than 21., htirs after injury had a P.ean of 20.1 days.

There was no sigriticant difference between the above means.
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TABLE 19

CAPARISONS OF MUN DRTD"G T1ME OF VESICLES IM 223 CASES 0?
FROSTBITE WiTH RESPECT TO DEGREM OF SEVERITI MM• TRM AFTER

DIJURY ThAT EV'ACGUA'ON AND ISDICAL CARE WAS INSTITUTED

Degree Hours After No.
of Injury *or of Ywan Drying StandIard.
jur i cal C.A .e C,1545s T!,-.a ( A viatlon t P

Second 0 to 50•14 147 12.7 ± 6.5•
Thrd 0 toz .J_ 76 19.0 -5 5.0M <.001
3ic --eo~ 0 to 24 '57 1.1.3 !.6.6%"""
_ • to I: i o J L.• • 2.014 <.05
Third 0 to 24 31 17.3 i 8.50
Third 12.1 to 45" I ,5 20.1 ,, 02 1.338 >.I0
Socond 0 to 24 57 11.3 16.%.
ThirL 0toQ 21" 31 1_ 17.3- 3.342 <.01
S2condj 0 to 24 57 11.3 + 6. 5. ---
Third n 5. .- 20.1 !.-10.12 .5'-
sec 24.1 to 504 50 13.6 6"J
TIrd 2t=9. 2 ~ ±~ <.05
51icomilz 24..1 '.o 5C4 f 0 13.6 !6.4 -

Thi I ,IL gto I Qt, ,Q 20.1 P.0, 3.964 <.o001

Theroforn only the drying tire of secorA degree vesicles

was altered by a continuation of trauma after injury.

T.he mean hcalirg ti=9 for 14 cases of first degree

frostbite of the feet who were evacuated within 24 hours

after injury was 14 days, while the mean for 14i patients

of like degree ard site evacuated mcre t.az 24 hoatrs after

injury was 27.2 days (Table 20). The delay in evacuatior.

and medical cire be-yord 24 hours resulted in a significant

prolongation of healing by 13 days. This represented an

increase of 182 days hospitalization £fr onl 14 cases of

first degree f:ostbite of the feet. In second degr-ee

frostbite of the feet there were 40 patients evacuaLct
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TULE 20

C(IPARISON OF IHAZ4 HEALING TIMES OF 217 CASES OF FROSTBITE OF
T FLET WITH RFSPECT TO DEREE OF SEVERITY AND TIME AFTER
INJURY THAT MEDICAL CARE AND EVACUATION' WERE INSTITUTED

"Hours after In-
Degreo Jur7 Medical No.

of Car and Evacua- of Mean Healinf Standard• "In ury tion Instituted• Casen! Tia ........ Donlation t P

First 0 to 504 28 20.6 114.60 o .10
'econd 0 to 5 101 25.0 .10.33-
"First 0 to 504 28 20.6 _91..60 -0
Th.lvd 0 to OIL beg 9.213 <.001
Second 0 to 504 101 25.0 .10.33
Third -0 toO 501 42.2 20.11 11.629 <.001
Ccmbircd 0 to 24 89 32.6 ±20.154 1
• . 24.1 to 504 18 '18.0 :_21.2 1.8% >.0-
First 0 to 24 14 14.0 -6.02

.2. to '.C 14 27.2 _16.10 - -

_ýlcon _U J 0 ~ W 6 ±9.52•+"" • •O'._"_61 26. •*O.T.• .176 >.20

U.ird 0 to 2, 35 50.3 Z19.&O 0
*~~~.2 .30t~ ~ ~ y ± 0First 0 to 25 04 44.0 ± . .

First 0 to 24 24 1A.0 ± 9.96 3.133 <.ol
3-crwd ~ .0 _1O 2360 2.5a2First 0 to 24 14 14.0 9.96• . • ,•~e c e n d 4.1.I . .• t _o • 16 0-1 .7 3 .ef 9 <. 0 0 1

Third 0 to _24 l _ - . ___ 26%0 -!1.7 -
First 0 to 24 14 14.0 ± 9.96 10.505 <.00
Third __o__5 0.j -80 First 04.1 to 254 14 27.2 ±16.10
Tor 00.50 o.200
"Firt 21-- to 504 1.4 27.2 116.10

Second 02.1 toO0' 61 26.0 v10.. 0.272 >.70

Firrt 24.l to 504 14 27.2 116.10 2Thirn,-d 0 to 50, 61 26-0

First 24.1 to 504 14 27.2 Z16.101 Th0r . toJ , 4 4. 220. 5.239 <.001
second 0 to 24 14 23.6 19.521"Thi�rd 0 o• •o.j ±9. 7.272 <.001

S.econd 0 to 24 40 23.6 1 9 . 52 - -

Third 24.1 to 2 57 .272.51 9 1<.00
:+con- 24.1 to 204 61 26.0 510.72

241i_ 0 to 2 1 . .. ? .'. 19.0 6.713 <.002

•-" cond 24.1 to 504 61 26.0 110.72

IThrd /.Io ..53 •.7 I-20.51 9.171 <.00]
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"witi•in 24 hours after Injury whose man healing time was

23.6 dy•s, bil.U 61 cases who were evacuated beyond 21.

hours bad a rean of 26 days. This man increase of 24.

days proved not to be significant. In thAO dogree frost-

bite of the feet the delay in ovacuatler beyond 2. %ours'

prolonged the healing 4.4 mean daps which also was not

significant. Delay in evacuation or continuation of trauws

for more than 24 hours aftoer L-jury retarded the healing

Of first degree fro.tbite of the feet. It would appear

that trau'A affected the healing of superficial layers of

the skins but apparntly it exerted no deleterious effect

an the healir.g of ucderlping tissues when overlying ful

or partial layers of epidermis had been destroyed by cold.

Skin destryei by cold appeared to form a protective

barrier for underlying tissuqs.

A co•pA.rl.on of the man healint tims for 58 eases of

D ~frostbite. of the hands with respect to time of evacuation

is shown in Table 21. There was ne statistically signifl-

"cant prolo:tatlon of healing of first =41 second degree

hard lestion. as the result of delay in evacuation. This

lack of V!fference In healing of hands rAy be accounted

for by t"he greater circulation in upler extremities as

ccapared to lower extreritle3 and by the ease with which

the patien.t was able to protect his han•J a,:ainst, traumza.

"F. Dooteear Worn at Tine of Injury

T.hree types of boots were worn by the United Stat is troops

605
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TABU 21

COMPARISON OF MEAN HEALING TDCS FOR 58 CASES OF FROSTBITE OF
THE HANDS WITH RESPFCT 70 DV"P= OF SEVERITY AND TIXE AFTER

INJURY THAT MEDICAL CARE AND EVACUJATION WERE INSTIUTED

sours after In-
Degree IJury Medical NO,

of !are and Evacua- ofa Mean Healin tandardInuy .on Institnte,! .'Cie.I Ti, (Vay)Dvito

First 0 to5 Ol 11 22.8 1.1 0.162 >.90
se .. 0 o., - 8.08
First 0 to 504 ,. 22.8 -1tl., 3
Third 0tAo 0L 6 L, 0 '5.46 2.14.2 >.05
Second 0 to 504 48 21.83 808 2.503 -

Third 01 ..4 0.0... !_2-;3 <.0
Coubined 0W to 36 25.1 Z X14.79 - -

0 1.1 to fO4 2 2±.9 z 9.69 0.373 >.70
First 0 to 24 3 19.7 •.al.11

21'.1t to1 . .2.0 --

S-scond 0 to 24 27 Z56 =6. 9 8
' 21.1 to 2., 21 21. 9.76 1.160 >-20

"during the winter o? 1951-52. With the onset of cold

* weather in fovwabor 1951 tre troops chanted from leather

"boots to shoepacs. In December the infantry regiments

began substituting a new Insulate.i rubber boot for sho*--

pace. Frostbite occurred Ln-ong soldiers wearing all

three types of boots# although tý* !incidence of frostbite

was lowest for those troops ewuNiped with the insulated

boot. Through interviews concerg.ing the bootgear wrn by

the frostbite ca.ualty at time of Injury, it was found that

20.8% of the pAtients were wearing socklegar that either

caused a constriction of the feet or did not provide

adeqiate 1nvulation (Table 22). Conntriction of the feet

•60
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TABLE 22

CONSTRICTIVE AM DUADSUATE INSUIATIVE CMIflATIO3
OF SOCKGEAR WR3 BY 558 CASE. O FROSTBITE OF THE

FEET AT TDM OF INXJUR! WITH RE3PEZTS 1 RACE

Combinations of White Ne!ro Total

Constrictivoe CoJO~An .5JJ 6  2~1.: 68 -12.2*.." 1oo1,nt In.nultin. 27 8.) 21l .3 .O 8.6
+i++ ,A•equats Ins,,lation -

vithout Ccnstriction ,..D0 78,3 _L .. 5 442 79.2

re Tot~al 332 I1m. 221.100.0 558 100.0

4. -was tem&.127 produced by wearirwa too marq socks in an

;-' ?attempt to obtain groater insulation against the cold.

The rajojrity of constrictive co*.inatlons occurred among

soUL'era wea*ring tho lerthr coubAt boot (Table 23).

,Inadequate In3ulaticn of the feet occurred uhen soldiers

,A. equipped with sho,•p•.cu wýrs less than the proscribed numbr

of socks 9 or they failed to use the insole that is U

necessary Item for this type of bootgear.

The mean tizes for drying of vesicles awd healing of

* .! frostbite wouxds of the feet were evaluat4d with respect to

" the type of boot worn at ti. of ijury rrf gdless of the

* j constrictive or InAdequate inisulativO factors. The mean

time requtre4 to dry second degree vesicles of patients who

p wore leather co'bat boots was 16.6 days, wiWie cazes with

like degree of injur7 wearing shoepacs had a mean of 11 days.

S 607
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a Comparisons of these two meane sho-ded that ihoepacs pro-

duced a sigificant reduction of 5.6 days in the drying

time (Table 24). In third deCree there were 35 cases

TABLE 24

COMPARfL50M OF ?MJM DRYING TDIM OF VESICLS FOR 162 CASES OF
MF~STBITZ OF TILE Ft WITH RESPECT 10 B iEGR OF SEVERIT

MID TYPE OF B=OTS WOMFR AT TIME OF INJURY

Degr eeo. Ttype NO
of of oa Meant Drying Standard

_ -'j ~ThUr P4ot5 Car _ n______

SecorA Leather rcots 29 16.6 3.V.25
_ccnd Shc,•e s -6-. j.0 tOr 3.719 <.- 1
I Tlhrd Le•ther Zts 35 22.8 19.15r9 2.781 <.O1
s..ccnd -eatfher t 29 1Q6. Z._Z ,I )rd LAh.,r i3t I 6lb6
Th Id .TLathor r,-&, 35 22.8 3.022 <.O1

4'Thrd I tn-cs 4l 29"I. 16.3 1.820 .1_9 1

Swrearing shoepacs who haid a mean drying time or 16.3 days

uhile in 29 patients equipped with leather boots the mean

was 22.8 day,. This reduction of mean drying time by

6.5 days for the shoepac group was significant. The

drying time for the 29 cases of second decree wearing

leather boots wAs not significantly different from the

vesicular drying time attained by 29 cases of third de&ree

wearing shoepacs. The vesicular drying time for frost-

* bite of the feet was dependent upon the type of bootgear
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worn at tie of injury.

IrrospeecUvs of degree of injury 251 cas-es of frostbite

of the feet with respect to bootgear had the following

eon healing times: leather boots 1A.2 days. shoepacs

31A, days and insuated boots 21 days. One reason for

these maaked differences was that the more severe frost-

bite lesions occurred awog soldiers wearing the leather

boots. In first degree frostbite of the feet only the

insulated boot eases sioved a significant reduction In

healing time as =*&pared to shoepacs (Table 25). The

mea. healing time of second degree frostbite for patients

wearing leather cabat boots was .1.4 days and for soldiers

in shoepacs, 23 days. The factor of vearing shoepacs

sipnificantly reduced the healing tic, of second degree

"frostbite by 84 day#. In the cmcerison of Insulated

boots with shoepses thare was no si&-ificant difference in

the bealing rats of 3ecord decree loeions. The reason for

this lack of difference is not known btt my be due to an

insufficient nuntber of cases in the insnlated boot proup.

The longest aegn healong time in third ,earee injuries

(59 days) occurred in a group of patients vearlng leather

combat boot., wthile cases who wore the stoepacs took

504 days to heal lesions of like degree. The shortest

man healing tsme for third d.9eree frortbite of the feet

was attained in three eases who had worn the ir.nu1ated

boots. Comparisons bet'-en the atove three mean healing

610
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TAMS 25

O JWARISONS OF EAN HEAJIG TDCE3 FOR 25. CASES OF F3RSTBITE
OF THI FX 'drTH RSPET TO DEGRE OF INJURT

AND 1TH 7VE OF BDOOTS W)M

of of of Mea 5.&I.ng Standard
~ TPoot '1:0191 Ctsei~ Tir~ ojv I sot t.

*t Al 116v41 214 !.32 1.58 >.10

First AU r~pas I41 21.2 1.9 0
• 9 , 7 53 .6 ! 2 1 4t1

USecond A T7 s' 16 25.0 .10'23Mi _hrd W 0 __M SM.,-,6 21.&1 1.0A .0
All Db €e •L--datd Boot~s 9 21.0 1- 8.16

All K Ds o.-, ulated Bots 9 21.0•. _. _ • ..cr cs 161 31 .4 0 5 3 .378 < .01 ,

FAest insulathr Boots 64 44.2 - .2.O
U * -ý"pMC ._ 161 31.4 !1.50 L.184 <.001

Ais Ins'dat e% Eoo s 14.5 -2.69First 1n.:;ulcted P--otts 1 12..5 " 2.69-"naes _ .. _ 1.1 .1,A 2.101 .05
First. L2Lc Eot 14 23-1 ±za1.47 039

-1. - .. - 32- >- 7

:€,.-d j,.1:ta•dd Lots 2 24.0 5 .'W .

S-ec-d f1 '.1cJ 1>ts 2 2!.*0 . (A) 0.272 >.70

S.3 •--,e i 23.,0 .• - -7 385 .& comkd t oots 27 )1.1 "t W8.1Is 979. 35 65 .0
Third J.u1eaated El~ots 3 277 -- --

U ~ th "Its 1 _.2 t?. 3.82 523.

7c~A 3 ... L.. i -i87 4.261 c.001
Third Leather Loots 43 59.2 .23.,2 -I shpacs 51 50.4 !-17.n71 r-0

times •Idicated that area inmvlvaent by third doegree

frostbite was greater in leather boots than it was in

shoepacs or in•i•iated boots. The period of wound healing

of frostbite injurise of the feet was dependent upon the
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type of bootgear worn at the time of the cold ecosiue.

If the 81. cases of frostbite of the feet bad worn ahoepaes

instead of leather boots at time of injury there would have

been a saving of 1.075 days in the mean wound healing time.

0. aRmdgear Worn, at Time of Injury

Th. front-line troops were equipped with two types of

handgear, namely. mittens or gloves. A coaplete enaemble

of mittens or gloves consisted of two parts# an outer

leather shell and a woolen insert. ?he cases of frostbite

,.C

* of the hands were classified as to w4hether there was

adequate or inadequate insulation of the hands at the tine

1q. *of injury. Cases that were classed as having adequate

insulation wore a complete ensomble of either gloves or

mittens. Th~ose that were consaidered to have had inadtquate

* insulation wt-re vearing either the outer letaher shell or

the woolen insert or were barzh.'nded. kAnonp 177 patient#

with frostbite of thei' hands 27.7% had inadequate innilation

at the time of injury (Table 26). There was no markuod 5

percentage difference between the F~.ie and Negro -toldiers.

The mean drying time of secon~d de~rreo vesicles for 33
*patients with respect to type of handgear w-=~ ranged from%

10.6 to 15.1 days. The typo of hard!4sar worn at the time

of injury did r~ot proeuce a significant alt~ratlon in the

drying ti7re of saecd degret vesicles (Table 27). Like-

wise. co-parizons of the mian heaing-. times between eases

of second ~-ithird degree frostbite of the hands according

*612
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TAX 26

DISTRIIEfTIOII OF 177 CAS~ OF PI0STBITE OF TIM WDKS WITH(
RESPECT TO0C RAN2JD TIPS OF HANMDGAK 1WMI

Whitee~ To tal

Complet. gloves or mittens
(Aderuate.nsu.atlon) M ?0.2 5L 7543 128 72.3
Incomplete comsbi.nations
(Inadequate insulation) 31 29.8 18 2.7 49 27.7

Total 104•00.0 73 1700.0

TAE -27 L
OMARISM. OF PWA~ DflMO TDM~ FOR VESICLES OF

33 CAS-rS OF SM1D DEGP,% FL)S~TUIBIT OF THER HANDS
WITH P~ifl-CT To T!PS OF P.AjDGj?4 WWVIH AT T~lE OF nAuRT

I!. Type NO. I
of [of M4ews Drying jStandad ti

Complete IVittens 7 10.6 !1*is 1.618 >.10
__ efe Move 14 M.5

'Ci,:tion4 12 I ±.7.Q? 1.623 >.10
Co.:plete Glove 1 M.l.>"80
Partial C-.znationj 12 15.1 1 ±7-92 0.197 >.0
Gloves a•,•- V.ttens 21 13.0 ... 6.Pata ...... ~ ao .12 1.1 279• 0.768 >.O0

to the type of handgear worn at the tire of injur,

S1failed to b*ovw silificant differences (Table 28).

if. Condition of Extremity at Time of Injury

The rate of loas of kxvy heat from an extremity

* during a cold exposure may be accelerat*d when the
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TANZ 28

COHARISONS Of MWA HEALING MDE FOR 55 CASES OF FFWSTSIE
OF THE HANDS WITH RESPECT TO DEGREE OF INJUR!

AND TIPE OF HAN•OGER WORN

Degree Type No.
of of' of Mean Days Standard

•Th'j . Vvivaar Canes For Pe4J. Deviation t P..,

Second All Types 49 21.7 1 807 2.73 <.02
Th1rd " 6 A8.0 ±2
Combined I-ttens 13 20.0 ±10.01 1.745 >.10

Gloves 21 28.6 -.gg:"
Com•bined Kittens 13 20.0 !10.01 ,

" Inadequate 1.014 >.2*

" Gloves 21 218.38
Inadequate 1.137 >.20

cl-b~ra~tions 21 t~. 8 Co ___

Second Hittens 13 O.0"U C 1o'3 Y17 22.8 -. 17 0.851 >J.4
Second Ktttens 13 20.0 =10.01

" Inocquate 0.583 >.50
Wo-,•.i+•ons ~ 24.&.A 19-

Sicond Gloves 17 22.8 X 8.17
* -. ad&4uate 1 0.368 >470

second Li~'ito I
C0.-bi:•.tions 19 21.8 - 7.73 1.90 >.05
Gr .oovs 4 2- 50 -33-•

I nadequate combinations include those cases that were barchanded at -

time of injury.

foot or band is wet. Therafore wetness or dryness could

be a factor that, determines the eventual degree of severity

ard area involvetent of the cold inj••r7y which in turn.

might well be reflected in the rate of drying of vesicles

and healing of the injury. Information based upon inter-

views yielded data on wet-cold as follows. A foot or hand

was considered to be wet when the socks or gloves were

614
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moderately saturated with either sweat or external fluids

originating from wading in water, standing or ling Ca

muddy groend or from melted snow.

The percentage distribution of 686 frostbite patients

according to the condition of their hands and feet at time

of injury is shown in Table 29. The percentage of wet feet

TA= Z29

DISTRMbTI0N OF 686 FT'DITE PAT1 TS W RESPECT T0
C0;DITION OF DiEIR FELT KID HI.NDS AT TIME OF 001D INDJUR-

"'~; ý ....

Coition of eer
Dry..il- 7.7 219 3.1.J

wet. 153 22.3 47 6.

Total 686 loo.o 686 6 00.0

was extremely high in spite of such preventive

measures as: frequent inspeetion of feet and foot-

gear, extra issue of siocks and insoles to each soldier

and a mandatory change of socks and insoles daily.

The acc•mulation or a-eat was more pronounced •m•ng

those soldiers wearing shoepacs or insulated boots.

dWetting of feet in leather boots was usually caused

by external fluids.

Patients with second degree -frostbite whose injured

extremities were dry at time of injury had a mean

J 615
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VesiCUlar drying time of 9.8 days while cases with a wet

extremity had a mea" of 13.5 days (Table 30). A wet.

TMIIZ 30

CORPARISON OF MEAN DRYING TM(E OF VESICLES FOR 225 CASES
OF FROSTBITE dITH RESPECT 70 DEG REE OF SEVERITY AND
CONDITION OF THM INJURED EXTREXITY AT TIME OF INJURY

Degree Condition of No.
of Extremity at of Mean tri Standard
Z*rT.• Time of InT uy. Cases Ti. as Deviation t P

Second Dry 4.6 9.8 +7.88 2-6"-"
"Waet 103 13.5 7,11 .,'

Third Dry 21 20.9 !10.85 0.9017 >.O0"Wet ' 55 18.5 -9.19 09017 >.4
Second 103 13.5 - 7.11 "
Third 18.5 9 5.957 <.001

Second " 10 13.5 - 7.11 &.61 <.001
Third Dry 2 20.9 !1085
Second " 16 9.8 - 7.88 283 "0
Third -21 2C..9. 10,05 2.853 <2o1'"
Second j1,6 9.8 !.?.88t 3 0063 <-01
Third Wet 5 l. 4- 3063 .01

extremity caused the drying time of second degree vesicles

to be increased by 3.7 days. The mean drying time for third

degree vesicles of wet and dry extremities wa3 18.5 and

20.9 days. respectively. which were not significantly

different. A state of wetness or dryness of extremities

only influenced the rate of drying of second degree

vesicles.

Irrespective of degree of Injury frostbite patients whose

feet were dry at the time of injury had a mean healing time

of 35.1 days while cases with wet feet had a mean of 35.8

days (Table 31). Comparisons of the mean healing times of
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TAUZ 31

COMPARISON OF MEIi HEALING TID FOR 22L CASES OF FR"STTEZ
OF THE FEET WITH RESPECT 70 DEGREE OF SEVIRITI AND

CONDITIONl OF FM;T AT thME OF INJUR .

Degree of Condition of No. of Mean IUealin5 Standard
Iniur . Feet Carses Tif. (Dazy) Deviation t p

First Combined 27 21.2 M--i.. 1.389 >.0O
Second _ 103 1.-39 > 0.07

First . 27 . 21.2 t14.54 _ . 1 ".Oo
Third 94 9 , 0.9 !22.46 .174 <.001
Second " " 103 25.3 !.37 0.03.00137Third <09 * .? _.4601

Combined Dry 67 35.1 I123.16 0 19,'.B
" Wet 157 35.8 1-20.55 0-1991 >'So_

First " 20 22.6 +16.30 1.142 >.20_ " • D IX 7 1 7 , -1 0 : 1 9 ' " '
Second Wet 75 25.7 Z-0.97 0.0 "4

" ~Dry 2.8 t,. S+•.7 07 09>8 .-.

'Wird Wet 12 12.1. 200.4 0.674 >.40" ~Dr 32 4,8.5 1_26.38 06 .0.,...
First Wet 20 22.6 =16.30 0.81 >.140
S•cond 75 ____ 23.7 t0.97

First 20 22.6 (116.30 C.4121 >.60
•"Second Dr8 a 2$ .3.7 6
First Wet 20 22.6 1.30 - <
Fhirst IV___j ~ ~±.o 6.63 <.001
Third -62 S2.1 -_*2.O "1 "
First " 20 22.6 "?.6.30 &.381 <,.OlThird Ory 32 -26.38

* First 7 17.1 . 8.19 2.569 <.02
Second Wet 71 25.7 .Q0.97
First Dry 7 17.1 Z. 8.19 2.O24 <.05
S e o .d - 2 8 2 , .3 t g .7 8 .. ... ..0 5
Firzt 7 17.1 t 8.19
Third Wet 62 .5.1 8.720. <.0
First Dry 7 17.1 - 8.19 -" "..
Third 3. e3 5.608 <.001.

Second Wet 75 25.7 -0 9.28 <.001
Third " 62 52.1 ±.20. 28.
Second - 75 25.7 t-i097 4728 <001
Third Dy 32 14.85 t26.18
Second t 28 L 4.3 * 8.78 9 169 .001
Third Wet 56- 52.1 tn2.0O. -

Second Dry 28 24.3 1 8.78 905 <00T.ird 
-<.001.-
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vet and dry feet vithin first, second and third degree

frostbite did not show any significant differences. The

healing of frostbitten f6et did not appear to be influenced

by the con4ition of the lower extremity (wet or dry) at the
/

time of injury. This might mean that the degree of

severity and area of Involvement in frostbite of the feet

was not necessarily predicated upon the rapidity and duration

of loss of local body heat during the cold exposuze.

In frostbite of the bands irrespective of degree of In"u17

the mean healing time for patients who-had dry hands was

26.2 days while man wbose hands were wet at the tine of

injury had a mean of 214.7 days (Table 32). In second degree

TA=E 32

SC•.-,J O' 14''l I",..LlG ~JT'TS FOR 59 CASES OF FMiSTrIT3
OF T'LZ IEOS .1-.Tif R.51 -L O 11/0,,2• OF SVEITy 00D

'*2'I1;1 OF 0 !.?•03 AT TM9 OF I•XJJRI

D5gra* otf rkvilt~c of of St~'.ndrI

First Ccnbined 4 22.8 !11.13
S-*tr 1,9 *"O'7 +. 190 *8W

Piz-it 04 22.8 l2 .0
6 I2-_.... 2 .0

S- ,, _.. 2 I ,.2.518 .. 02

Or.nb~nod ::Dry 35 2 A.10.47 0.125 X90

24 -... ...
1:.t_ 2' .07 P.1 .A M
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frostbite eas0s with dry hands had a significantly shorter

healing time of l..3 mean days than did patients of like

dept. with wet hands. Vhe hoaling times for wet and dry

bands within first and third degree frostbite were not

significantly different. The extent of involvement in

second degree frostbite of the hands Isay be dependent upon

the rate 'of local coolin8 of the tisstes during the cold

* exposure.

IV. Afl T

The managemen~t and treatmsent of the frostbite patient during

the winter of 1951-52 was well itandardized throughout all medical

Installations handling this Oype of cold inlury casualty. In the

* I . edical corpsman and unit surgeons:

1) All constricting itenas of clothing such a3 boots,*gloves

and socks were re~sved from. the site of Injury.

2) Cold injured parts heore rewarmid by erposure to room

tamptrature (700 - 780 F.) whenever possible.

*3) MoacureIs were Instituted for restoration of general

body wsrmth.

14) As soon as possible all patients with severe first.

* aseconis third and tou-ath dogree frost~bite of the feet

were made litter patients.

5) IntAct vesicles or buillas were not dratred or debrided.

6) L-Args vesicles or bullaie were covored with a dry loose

dress Lng to provide* protection sind maint.ain warmsth.

0 619
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7) A tetanus toxoid booster and penicillin, were administered

at the battalion aid station or division clearing station.

Anl frostbite Patients were Assembled at the forward mobile

surgical hospitals, and then they were evacuated directly to a cold

Injury treatment center located approximately 200 miles behind the

front lines. The routine management and treatment of frostbite in

the specialized center was as foflowst

1) Absolute bed rest was mandatory only for those patients

with frostbite of the feet. Bled rest was maintained in

* severe first and second degree frostbite until sub-

sidence of edema and/or complete drying of vesicles

or bullae had taken place. Third degrme patients

remained at bed rest Until all their ulcerations were

re-epithelialisrad. Cases with fourth degree frost-

bite, of the fest were not allowed to be ambulatory

until surgery had been performed and all wounds were

:- healed.

2) The rule of "no smokinar was enferced In order to avoid

the vasoconstrictive effects of nicotine.

3) Active physiotherapy was Instituted at the bedside

izmmediately after a&-Assion to the cold injury center.

Attention was directed toward positioning of the feet
and the movement of fingers and toes and other major

joints. Patients with frostbite of the hands were

* - Usually Most reluctant to Initiate and maintain

620
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active movement of injured fingers which to necessary if

anklyosis of the interdigital joints is to be avoided.

The importance of active physiotherapy by the patient

during the first 6 weeks post-frostbite period cannot

be over-euphasi:ed.

"- . ) Dl third and fourth degree frostbite cases received

300,000 unite of an aqueous ruspep •ion of penicillin

1) intramuscularly daily until their lesions had dried or

healed.

S5) A3l patients with second, third and fourth degree frost-

bite of the feet had their feet cleansed daily with a

wild antiseptic solution.

6) 5uperficial debridenent of broken vesicles or necrotic

tissue was performed frequently. Suppurative eschars

and partially detached toe nails were removed. rn the
presence of excessive suppuration or necrotic tissue the

feet were first thoroughly cleansed with a hydrogen

"peroxide - aqueous zephiran chloride solution and then

soaked in a solution of normal saline for 30 minutes

before starting debridement.
7) A nutritious high protein, high vitamin diet supplemented

with multiple "itamins was supplied to aid wound healing.

8) All frostbite 1.isions were exposed to the air and a ward

temperature "f 70* - 78* F. was maintained.

In addition to the above outlined routine management for all

"cases of frostbite 109 patients having severe second, third or fo-artb
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degree lesions were selected for treatment with one of six types of

specdfic therapy (Table 33). Selection of these patients was based

TAMM 33

DISTRI1UTION OF 613 CASES OF FIRS?, SEOWDo TI(IRD AND FQ•URTH
DEGREE FROSTBITE ACCORDING TO TPE OF THEIAPT AM(INISTERED

Type ... .. ree in*

of s S'e•.d Ir, 4 d F, rth i, ota1
___________ i~T Foor~J t do1IctJfnt

Routine Management(catral) .211 2S• 13 9 3 sot. I
Hep~.rtn-Alcohol- __

P ine,1 6 2 13 2 78
fEev_•rin .2 0,, 0 3 . 1 1 0 10
Pr.5lneorL 0 0 2 1 1 0 0 0 j.

, ,, _ck, 0 0 0 , 10 0 0 1 2

Heman~thoniua 0 0 2 2 0 2 0 0

Total u19 29 153 6o 1na 9 19 6 613

upon the degree of severity of the Injury and the t 1me after rewa9-

In& that therapy could be started. Past experimental work with animals

has show that If treatment 1i to be effective it uast be instituted

within a period of 6 to 36 hours after injury. Due to delays in

evacuation throughout the winter of 1951-52 specific therapy was not

instituted in this group of 109 patients until an average of 1.3 hours

had elapsed after rewarming.

The program for each of the six therapeatic regimes wass

1) Heparin. A sufficient amumt of arpeous sodium heparin
(75-100 m&%3.) was administered intraverously every 4.

to 6 hours for 10 days in order to maintain clotting

622
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tim between 30 and 60 minutes.

2) Reparin-alcohol-procaine. Aqueous sodium heparin added

to 250 *cc of sterile distilled water which contained

12.5 grams of dextrose, 12.5 cc of 95% ethyl alcohol •ad

250 mps. of procaine hydrochloride was administered

intravenously by slow drip (60 drops/lin.) every 6 hours

fnr a period of 10 days. The amount of heparin added to

( the. so% 'ion was that amount (50-100 mps.) which would

maintain the clotting tine between 30 and 60 minutes.

3) ikatin. .btin (500 an~s. daily) was administered orally

for a period of 10 days.

4.) Priscoline. Fifty mgms. was given orally every 6 hours

for 10 days.
•5) Hexa.mitbor.!u (Bistril•). Using the Intramuscular roate

S50 mus. of hexa-metbonium were inistered every 6 hour
for 10 days.

6) Continuous Sympathetic Block. A continuous stellate

ganglion block for frostbite et the hbads or caudal anes-

thesia to the level of L-2 for lesions of the feet was

maintained for a period of 96 to 120 hours. The stellate

ganglion, block employed a solution of procaine (2%) and

pontocalne (1:1000). A solution of 1.5% metycaine was
used to produce a caudal anesthesia.

For purposes Of statistical analysis the patients were divided
into tho following three general treatment groups:

1) Control group. Patients In this group were treated in

.. . . . . .. .... . . . . .. ............... .

J.. . ' -
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accordance with the routine frostbite mangemernt and

treatment program as already outlined.

2) Anticoagulant group. Patients of t--s group. in addition

to routine management, received either heparin or beparln-

alcohol-procaine as described above.

3) Vasbdilator group. This group of patients received either

priscoline. hexamethonium or a continuous sympathetic

block in addition to rogtine management.

Irrespective of degree of injury the mean vesicular drySng

time for 184 control patients was U.6 days, for 41 anticoagulumt

cas3s 17.2 days and for four vasodilato- cases 8.5 days (Table 3Q.).

The anticoagulant group bad a significantly longer mean vesicular

drying time than did th6 control or vasodilator group. The shortest

drying time was attained by the vasodilator group. In second degree

frostbite 128 patients of the control group cor-leted their vesicular

Sdrying in 12.3 mean days which was 3.3 days less than the meua time

for 19 cases of the anticoagulant group. The differences betme.

the drying time of second degree "ontrol and vasodilator cases proved

not to bo 3tatistically significant. There were no significant

alterations in the drying tines of vesicles for 79 patients with third

degree frostbite when compared to the type of treatment given. It

was concluded that the specific therapeutic measures used did not

markedly alter the drying tine of vesicles w.en such therApy • s

initiated on an average of 43 hours after rewarming.

The mean healing tines of frostbi* ten feet irrespective of

degree of injury for 172 routine-treated control patients was 33.1 days.
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A T4Dereo retet N. of Rer.rigSadr

" ~ ~~O0MP A]JUI• N OF DRYIhG TD S3 OF V FSICLIS FOR 229 CtSFS OF /

FSScoITd WITH RES1C0 12. OF 6.J5R ;

, AND TPE OF 119 A1D9.2 t '9.95

Degree af Treatment I No. of Mean Dr9n n Standard"
S" Iniry Grap... rCases ?leIy Dc'riation t P "

SSecond Combined 150 12.7 ±- 6.52 57 .0

Combined Control 184/ -.6 8.44

_ Anticoagu',lant 41 17.2! +7.1a "

Second Control 128 1..3 --6.47 45

U J o.-,43 ,•__t *j.. _15.6 ±- 6.68 _.99 .0__"Scn Control 128 12.31 "6.47 106>0 '

Control 128 12.3 L -- 4

"Anticoarulant 19 IF * .6 1.056 >.O0
" Va-olilltor .. 0 1.912 >.05

Third Control 56 19.7 40.03 0
Sf.t lco•..,'•!l znt 27. 19J•.5 8., 0,540 >-5

. Control 56 19.7 =.03
"" r 1 .0 -

AnticoaCnant 22 18.5 .10..03
SVaevra.dlntor 1 7.0 _ .-."

for 38 anticoapulant patients 48.3 days and for 12 vasodilator cases

38.4 days (Table 35). There was an overloading of first and second

degree cases in the control group which accounted for the shorter

healing time. Comparisons of the mean healing times of patients with

second or third degree frostbite of the feet with respect to type of

treatment did not show any -ignificant- differences. The rate of

wound healing in frortblte of the feet uas not accelerated b7 the

use of either heparin. priscoline, hexamethonium or sympathetic

blocks as compared to control cases when 3ech therapeutic measures
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?ATIZ 35
0XARSOMl OF NEAN HEALING T•m pO! 222 CASES OF

FWSTBITE OF THE M-1 WITH R T TO DEGREE
OF INJURY AND TIPE OF INt•VE!XT

Doe.u o ?reataent Ho. of Kean Healing Standard t P
n.lurx.... .. ,L. .. Cases Time (Days) Deviati•n..

First Combined 28 2D.6 ! U.60
Second - l0• ....a... 1.L4 . .541 ±.!l .-

Fist*28 20.6 U~4.60
M, rd 9 SI.Y! 9296 <.oo

Second 104, T25.3 [ O.33 v

Combined Control 172 33.1 18-.97"M.• j o : n nt 38 1,.3 1 12 .10 3 .493 <.001.-.

Control 172 33.1 -18.97 0

Snticoa~ulznt 38 48-3 1.25.30

* r2ý V12~]'o 38..5 2.. 1. 32 2

Second Cntrol 
! 7 .1 o.7 0 

"

C 7•e 25.2 1O..63 0 .

TOzrd Ci ztro1 I 57 51.2 0.67.3.
I, r*';.i.5 6 2j. - L. 0.2f9 >.90

* T, i co -. ulu t 27 57.2 ' .25.5 2 ., 9 > 6o-::::
tI Va• _Thltor 6.5 M .18.73 0 ... >.-0

weeinitiated on an average at /1.3 hours after renwarm n.•L8 ::

In frostbite of the hands those cases treated with anti--.'

coagulants tended top take lowi~r to heal than did the patients who:''.

received a vasodilator type of therapy or only7 routine care (Table 316). 1,-

Statistical analysis of the band cases accordi~ng to type of" treatasnt -"'

yitelded re?'ilts similar to those obtained for frostbite of the feet. ::::

Future therapeutic evaluations in frostbite, where treatment -".
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TAML 36

COMPARISON OF MEANI HEALING 721(E 0F 59 CASM OF
FROSTBITE 0F THE HANIDS WITH R7ZSPE? 20 DEMM

OF INJURY ANID TYPS OF TREA2NWE

Degree of Treatment No. of Mean Healing Standard
Inlur Groo Cases Tim (Dy ) evation t P

First Combined 11 22.6 ±11.13 0.189 >080
Second ___9__ 21aL .7.AL.... 8.9 - _

First & 22.6 .11.13 2.4 >.05
Thrd 1~6 .8.0 =25.16 __

Second 119 21.7 .-8.941
Thir.d 6oto 1.8.0 !2 255.460

211L&68 1-790 >.05
Ant icoaf,,1nnt 7 38. !Z".

Control Id. 21.1 -8.82.1
U atodiV~tor a t 16.146 162>
* Anticoagulant 7 38.11 Z25.4-4
* Vasodflator a 32. t16.1, .6 8 .4

Second Control 2.0 20.9 .- -a

Anticoaguilat L. 30.8 !,85 1.799, X05
U Var r ... 5 20:98 17 .2

FBOSTRI5 OP. 7:22 1.NDS .I0I:P•£p1

EThird Anticoa~ilant 3 t 8.7 -1351 002>
~1 aroilto J &7-3 ±11.-38

Is initiated less than 113 hours after injury, will have to take into

proper account such factors as the duration of exposure, methods used

to rewarm. type of boot or handgear worn, and condition of the

extremity at T e time of injury for each inividual case before any

given type u therapy might be shown to be more erficaio-ti than

anothber. Such an evaluation w~ould of necessity require a very pains-

taking factor analysis. An accurate therapeutic evaluation w1ud also

be dependent upon an early correct Classification of the cold injury.

The criteria for Classifying frostbite lesions as to degree of

severity becomes less distinct as the time interval between rewamsing
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and examination of the patient shortens so that at time of rewarning

all frostbitten parts usually have a similar clinical appearance.

Another important factor that will have, to be considered in a thera- .

peutic evaluation is the area involvement. It Is emphasized that

the clinical evaluations just presented do not take into considera- "

tion the total area of cold injury involvement, ctse by case.

V. LRATIONI OF IHSPITALIZATION

The duration of hospitalization covered the period'which

started with the evacuation of the patient from a front-line medical

facility and ended whr• he was either transferred from the Cold Injury'

Center in Osaka, Japan. to a reconditioning center in Vara, Japan, -

for duty# or discharged from Percy Jones Army |fospital, Battle Creek, ...

Michigan, to duty. Table 37 shows the nean hospital days for 585 .I -L

frostbite cases according to their degree of injury and anatomctal

site of involvement. The length of hospitalization ror patients

with frostbite of the hands was less than that for patients with

involvement of the feet of like degree. In fourth degree frostbite

the ha-.d cases re::ired 94 leis days of hospitalization. Irrespec-

tive of degree of injury or araionical site of involvement 585
patients wilth frostbite required 31.3 mean days of hospitalization.

Exclusive of fourth degree cases, the 1950-51 frostbite casualties

required 32.4. mean days of hospitalization, and the 1951-52 patients L

required 25.8 mean days before they could be transferred to a

reconditioning center.

Table 38 shows the mean duration of hospitalization for 630

cases of firat, second and third degree frostbite with respect to

the type of treatment given while hornitalized. The data surgest

. -.
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that the use of anticoagulants caused an increase in the period of

hoopitalization regardless of the degree of injury.

VI. DISPOSITION.

Six percent of the 716 frostbite patients admitted to the

cold injury centers were evacuated to hospitals in the Zone of

Interior (Table 39). During the winter of 1950-51 18% of the

TA=LE 39

(" DISPOSITION OF 716 CASES 0? FROSTBITE FOR
M.E WMhTEII OF 1951-52

Disposition of Firat .Scnd A rd Fcurh Total
the P.tienits NO. %:. r10o. :o.1 %, -o.

- l, ...±61..... b~. 2LSJ .... ., "/•.•a _ I _22) !o .9t~ 10,, 2.• 0 o 0 M 18.9'-•-•

&-condition Center 1C__tha -~~rt I 7. 26. 19. 0 0 46 6.L
Zone0of Interior 9 1.31 7 5.3 30 90.9 4,3 6.0

Total 322 100.0 228 100.0 133 100.0 33 100.0 716 100.0

frostbite patients were returned to the Zone of Interior. Two

hundred sixty-three patients were returned directly to general or

temporary linited duty from the Korean cold injury center. The cold

inu.iry center of Osaka Azmy Hospital returned to general duty or

temporary limited duty 2,10 patients via a reconditioning center.

The average length of stay at the reconditioning center was 14 days.

The period of limited duty for all casts expired on 1 May 1952.

Prior to this expiration date the reclassified soldier was not

assiL nod to a front-line comnbat unit in order to protect him from
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re-exposure to low environmental temperature because of a possible

incrersed susceptibility to cold injury.

Out of 6614 cIses Of frosttite i29 patients (19.W% gave a

history of havini; h--d either frostbite or trencfoot prior to the

winter of 1951-52. Am~ong the 1950-51 group of frostbite casualties

114.9% gave a history of previous cold Injury before the winter of

1950-51. A Positive history of previous cold Intury meant thAt the

patient either had knowledge or record of diaposis confirmed by

a physician or be was able to relate conf.Irmatory events in Us cold

Injury experience such &as: ambient temperature during exposure*

length of exposures symptoms of the Involved part during exposure and

after rewarming. skin changes after injury an~d the presenee or absence

of vesicles and/or ulcerationta.

If those soldiers with a history of previous cold in4.'zy had

been removed from the front-line co~tat units prior to the onset of

cold weather in 1951-52 the incidence rate of frostbit, in the Eie~htb

Arr. for the winter would have been reduced by 8%. On the basis of

exposure the attack rate among those with a bistory of previous cold

injury was 5.0 per 1,000 while those without such a history had an

attack rate of 2.6 per 1,000.

VII.* SUY{ARY AND OONCLUSI0NS

A totnl of 716 confirmed cP3es of frosUtite were evaluated with

respect to possible contrilmting factors. anatomical site. severity

of injury and therapy. A comparison of the Incidence figures for

1950-51 with those for 1951-52 revealed the fact that .iaer-e was a

marked reduction in the severity of cold injuries for the latter

632
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period. In the 1951-52 period the rates 01 feet to hand cases was

3b:7? approxiately 3 to 1.

* Soldiers i-4.o have bad a previous authenticated frostbite

Should be reclassified to limited duty on a gemi-pezrsanent basis.

Their duty assignments should prevent them froa eicpsure to low ambient

tatperatures.

The most objective criteria eiqldaye to assess the relative

) importance of the factors contribut-ing to cold tnjuries concerned

the omount of time required for drying of the vesicles and healing

Of the lesions. The effect of the various factors upon the clinical

course of frostbite were:

J1) The drying tine of vesicles and the healing of frostbite

lesions was dependent upon the derree of InjurZ, in .that

first and second degree lesions which were of approximately

Ote saMe order required le3s time tkan did third degree

injuries. The clinical course of the Injuries was not

influenced by the anatomical sie of the lesions except.

in second deatree where the healinG rate for hand Cases

was shorter than for feet.

2) The drying time of vesit1es and the h ealing of the

frostbite lesions was -At dependent upon the race of the
patient.

3)Cold exposures over 9 boars increased the vesicular drying

t ine of second degree lesions and prolonged the healing of

second decree frostbite of the feet. The he.'Iing of firstI and third degree lesions of the feet and all lerions of
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the hwns. bowsver, was not prolonged by longer periods
II -Iof exosre.

6) The vesicular drying time was shorter in cases of third

degree frostbite rewarmed by a room temperature exposure

as compared to similar lesions rewarmed by walking, ox-

posure 'to an open fire or by massage. Third degree lesions

of the Isnt rewarmed by a ro temperature exposure took

I le Ins time to heal than did equivalent injuries where

.• . rewarming was acooplished by walking, massage or exposure

to an open fire. The healir.g of first and second degree

frostbite of the feet and all lesions of the hands was

not adversely affected by any one single method of rewarm-

.ng.

Wh5) ;en thle delay in evacuation after injury was over M

*.hours the drying time of vesicles ,;s prolonged in cases of

second degree frostbite. The factor of delay in evacuation

"also prolonged the healing of first degree frostbite of

7! the feet. Healing of second and third.degree frostbite

)of the feet and :11 lesions of the hands was not affected

• •; 7 this factor.

6) Th dryi time of vesicles in second and third degree

frostbite of the feet was increased when the injur/ was

incurred in leather boots as compared to similar patients

wearing the shoepac or rubber insulated boot. The healing

time for first, second and third degree frostbite was

• .greater in those ca~es wearing leather boots as covpared
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with similar patients equipped with shoepacs or insulated

boots.

7) The type of handgear (or absence thereof) wor at time

of Injury did not alter the drying time of, vesicles or

the healing rate of frostbite lesions of the bands.

8) A longer vesicular drying time for second degree frost-

bite.occurred wIhen the pre-injure extremity was wet.

The healing of frostbite of the hends or feet was not

.influence4 by7 the factor of wetness or dryness at time

P .9) Specific thrp instituted 43 bours after Injury did

Inthese evaluations. the differences in he-0ing times. sm-Al

as thay may appear. coul,' assume gij~antic proportions in terms of

manpower loss and hospital cost when multiplied by hundreds of cases.

V111. RMUN.7WATI0MSI. It Is evident that, the placing of a frostbite casualty on
a temrporary limited duty status will not suffice for preventing himI from being re-exposed to cold within 2 to 3 ~-cars after injury. In

r view of the experience in Korea during the winters of 1950-51 and

1951-32 it is recotm~ended that confirmed cases of cold injury be

given a profile of L-3 or U1-3 for a period of 5 years from time of

injury. It Is further recomen ned that the duty assignments of

such reprofiled military personnel should be governe-i by the following

criteria:

1) No preferential duty assigrzent will be necessary for

locales výer the mean rn!==z~ t qperatures for the

635
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€oldeet ,•onths is above 2•• F. ..

2) The duty assigr•nent n,-•st assure no prolon• outside

exposure for locales where the mean m•lntmua tenperature

•or the coldest aon.ths is below 2•e F.

•) No personnel reproftle• because of frostbite should be .

asslcned to locales where the mean nLtntmua temperature for •

the coldest months is below O* r.
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TH. T•H"AI OF TAM D :".
7IKSTBITE Or SKIN MUATING

The slow rate of healing-of third degree frostbite ulcers

of the toes is responsible for a large portion of the time patient.

with this lesion are hospitalized. 'The resultant loss of manpower

and the effect of the prolonged state of Invalidism upon the morales

of the Indivicual are significant. Therefore an investigation of

the possibility of haitening the restoration of epithelial con-

timuity in these cases by the application of skin grafts was

"undertaken.

no. •?T.D

The location-and size of the lesions decided the type of

skin gmft used. Split thickness grafts would not, in all

probability, be able to with stend the treuma to which they would

be subJected on the tips of the toes. 1urthennore the size and

site of the lesions did not warrant such a major procedure as a

pedicle flap although in soma instanees it would have yielded

the best results. Therefore, fre small, full skin thickess

(pinch) grafts were used.

The lesions chosen for grafting were third degree frost-

bite ulcerations which at the time of their selection were

completely debrided of necrotic tissue either surgically or

spcint•€a-,sl7 and were approxiimtely one square centineter or

more in area. The pinch grafts were taken from Ute upper

lateral aspect of the thigh under aseptic conditions. A field

639

,o,....-,-o , . . . .• '• '.• .. ,,. . .. .?.. .:.•.. , ,. .. ,,.,'.. ...... : ............- .- .--- • ,-, . -. ..-. .- .. . .. , .. .. . . . ..



.- .-- - = -~'r-.;,

black was performed with a 1% solution of procaine to anesthestiz

the donor site. The excised skin ,as placed on the base of the

ulcer which had pteviously been cleansed thoroughly with an

aqasous solution of sephiran chloride (1:3000). It was secured

with a dressing of a single layer of &&use lightly impregnated

with petroleum jelly and several layers of dry gauze. Bed rest

and a foot cradle were employed to minimize mechanical trauma

to the grafts. The dressings were changed on the third post-

eperstive day a. daily thereafter. Some of the patients were

treated wlth "istrium (hexamethonium bromide) administered

Intraiuscularly in 50 mun. doses at 6-hour intervals according

to one of two regimens differing only in the time at which therapy

wat initiated. In. Method 1 treatment with B1strium was started

at the tinfe of application of the grafts. In Rethod 2 it was

started one or two days before the operation. In either case

treatment was continued until the ulcer had healed.
rn. •_ "u..'-'

The results are su-rized in Table 1. A total of

10 pinch grafts were applied to 13 ulcer beds on the toes of

11 patients. Six grafts were placed on the bases of two ulcers, -.

one in each of two pa#ients who received no other treatment. 74

None of these untreated or control grafts survived. Thirty-

four grafts were transferred to U ulcer sites on the toes of

Snine patients who received Rlatrium according to one. or the

other above mentioned therapeutic regimens. The transplanted

skin survived in 21 instances and sloughed in 13 instances.
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Statistical analysis of these results using the chi square test Ii

with Yate's correction for continuity yfielded a value of 5.5=2.

The probability that the difference between the results in the . j
control and the •istrium treated Veries was due to chance is

less than 2%.

ICH TABULI

THE FA:Z OF PINCH GRAFTS APPLIED 70 THIRI D•RF.""
FiWSTBITE ULCERS OF TLE TOES

Treatment Patients Ulcers Grafts Fate of Grafts
______Survival__NSn-survival, , I

[srin (2 2 10 0 6
3istrium (1) 7 7 2. 11 1AIstrium (2) 2 . 8, 10 10 0 .. ,

(1) V.et.hod 1: Bistrium 50 mms. I.K. q6h starting
at time of skin grafting.

(2) V.MOthd 2: Bistri',m 50 mgm. I.M. q6h stmrt-ng
one or two days before skin grafting.

Th-' two methoJs of ;..strium administration were not

equt.q- effective. 161her. therapy Was ir'stituted at the time of'

the operative proredu~re (Met.,iod 1) orl, '.i of 2 grafts survived.

while all ten grafts -urvived when treatment was started one or

two days beWore the operation (Method 2). This difference was

statist3.cally sinificant; chi squar, equaled 6.626t P <.02.
L

The results ottalned with the former therapeutic regimen werb ..

not significantly different from those obtained writh no treat-

ment (chi sq-Jare equaled 2.593, P >.10); while the latter method

of 51stritun an-17nistration significantly ioproved the results

7-I
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over those obtained in the control subjects (chi square equals

12.015. P <.001).

Eight of the unsuccessful grafts in the group which

were vreatod with Bistrium by Method 1 were an ulcer sites in

two patients who were particularly uncooperative about remaining

in bed. It was considered quite probable that failure to survive

was due to trauma and the consequent lack of immobllisation of

the grafts an the ulcer bed. If these grafts were omitted

from the statistical analysis the results in this series became

significantly better than in the control group (chi square

equaled 5.729, P <.02)o and they more closely approached the

excellent results in the group of patients treated with Bistrium

before as .well as after grafting (chi square equaled 2.119, P >.10).

The incidence of grossly evident infection of the

grafted ulcers did not vary significantly between the treated -

* and control series. One of the two untreated ulcer sites became

infected as compared to tur 4f the nine vasr -ator-treated

ulcers. The chi square mest -ielded a vA • o. 0.005, P >.90. "

The accompanybig photographs illub..ateo rt.%ults typical

of the successful attempts to graft frostbite ulce-.. -'gu.-es 1.

2 and 3 show "A -,)gress of a large ulceration on the tip of

the right great toe of a 27 year old negro soldier. The lesion

had been completely debrided of necrotic tissue 23 days after

injury. Twelve days later when the base of the ulcer had an

area of 2.80 square centimeters, five pinch grafts were applied

to it and treatment with Bistrium, 50 nn. intranmscularly
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J I

every 6 hour * was started. Figures 1 and 2 show the ulcer a + -'d+'

the grafts 6 and 16 days a~fter the operation. In the lattar --

figure the Site of the'ulcer was re-epithelialized except for a

-11 fissure between two of the giafts. In Figure 1. 63 dars

after injury. 4,0 days after debridement and 28 days after

" grafting, the ulcer was completely covered with epithelium.

In Figures 4. and 5 are sbown the results obtained in

d.0 case of a 38 year old white soldier who had sustained a less

extensive third degree frostbite injury. The former figure

depicts the third degree ulcer of the left great toe with two

pinch grafts in place 37 days after injury and 5 days after

surgical debridement and grafting. Vasodil.ator therapy was

instituted at the time of the operation. The photograph in

Figure 5. 72 days after frostbite and 40 days after surgery

reveals that the medial one of the two grafts blended inpercep-

tible withi the surrotuiding skin. Only the derm% of the lateral

" -+ graft survived,

17. vDISaiSsIO-

The value of vasodilating procedure3 and drugs in .acilitat-

ius, the healing of cutaneous lesions of the extremities is well

Iokno. Although there is evidence that drugs which produce

generalized vasodilatation are less effective than local sympathetic

deneivatiof in this respect, the results with Bistrium in this

study were dramAtic. The ulcers of control patients were pale

and cold whereas those of the treated subjects were pink or red.

warz and bled ear j. It was obvious that free skin grafts
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would not survive on the poorly vascularized ulcer beds of the

former group and the control series therefore was abbreviated.

The survival of the grafts in the treated subjects was an indica-

tion of the increase in effective blood flow through the ulcer

bed produced by B1strium therapy.. The greater survival rate of

skin grafts in those subjects who were gi'ven the drug one or two

days before the operation was probably due to the better vascularlia-

tion of the base of the ulcers.

Treatment with a potent vasodilator alone would probably

reduce the healing time of these ulcers as much as the combination.,

of the drug and the application of pinch grafts. Data on the

rate of healing of thift degree frostbite lesions With and without

skin grafting and also in the presence and absence of asodilator ' °,

therapy was collected. The res.ults of ar.alysis of these data -. .

were inconclusive due to the 3-l! number of observations and

the variability among the lesions initially. However, the

clinical impression that was gained while caring for these

patients and the data collected tended to ccnfirm the impression _-o_

that treatment with Bistrium, eiJer alone or in conjunction

with skin grafting, decreased the time required for restoration

of epithelial continuity in cases of third degree frostbite.""

The additicn of skin grafts had the effect primarily of producing

a thicker covering of the ulcer eite th-an did spontaneous re-

epithelialization. Also in thM case of the smaller ulcerations

as illustrated in Figures 1. and 5 the pinch grafts frequently Aa-
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filled in the detect so as to obliterate it cmltl.y.1 A long term study to determine the fate of the grafted

skin on the tips of the toes was not possible. However. the

fact that in many instance; ?.ne grafts were identical In

appearanc, to the surrounding skin suggested that they wesre

durable.

V. CONICWSIONSII The effective circulation in toes with third degree0
frostbite was inadeaq~ate to produce survival of pinch grafts.

Presumably this deficiency in the circutlation wa~j responsible

I I for the slow rate of healing of these lesions. Treatment of

the patient with a potent vasodilator drug, Bistrium. facilitated

* the survival of pinceh grafts especially when the ulcer bed was

prepared by administration of the drug for one or two days before

the op-aration. Although It dould not be proven statistically.

A treatment of third degree frostbite ulcers with Bistrium and

pinch grafts definitely appeared to decrease the time required

for coiplete re-opithelial-ization of these lesions.
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BO0O1UEAR UXER OCUMT O2NDITI0NS
WiREA, 1931-52

I. INTM~DUCTI0N

During the winter of 1951-52, A new type of combat boot was in-

troduced for use by front-line troops uander wet-cold environmiental con-

ditions in Korea. This boot, kcnowin technically as the "bot, combat,

rubber, Insulated", employed the vapor barrier principle and provided

&synthetic wool layrer separating tiio sealed rubber layers. Insulation

thus achieved seemed superior to. previously available carmbat boortgear.

The new boot was hailed widely as an effective instnmient for the re-

duction of cold injuries. However, shortly after its Introduction, in

Korea certain criticisms of the boot arose. Among these were apparent

Increases in erythema, hyperhidrosis, tissue miaceration and fungus in-

fection of the feet. In certain instances, particularly wdhere foot by-

giene was poor, sock change Inadequate, and wihere boots were worn con-

ti:- usly for pariods of 48 hours or more, errthema, tissue maceration

and hyperhidr.-- severe as to produce an incapacitating foot

ayndrome. 1* d was marked by tenderness of the feet to the

*degrea tt -~ t ng I-, $ =ely painful. Physical examination of

*the feet revealed a ..,coloration and a peculiar sofltening and

wirinkling or the skin'. Sweating was profuse. Tissue maceration in ad-

* I ranced cases was pronounced enough to cause denudation of extensive

* plantar sk.*,J aireas. In many cases the picture was complicated by super-.

* I imposed fungus infection. This factor often causel difficulty in dis-

tinguishing the sequelao due to the use of the boot and/or from the

effects of the infectious ,)roces3.

649 .
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Illustrative of the undesirable efrfect which may occur from the

use of the boot, was that which occurred in one of the United States in-

fantry battalions in Korea during January 1952. This battalion, in a re-

serve area, conducted a maneuver involving 3 days of extensive marching

and long periods of guard duty, during which time the men were unable to

remove their boots and perform foot hygiene. Following this action A

thorough foot check revealed that moore than 12% of 700 men, all of whom

had wprn the new insulated boot, had incapacitating foot findings con-

sistitg of varying degrees of erythemaa, tissue maceration, denudation )
of the soles of the feet and hyperhidrosis. Also there were 10 new cases

of severe fungus infectior. found in the battalion. Other reports of in-

aulated boot sequelae of a sillar character were circulated, but many-

of these were largely frag•entary and hearsay in character. .

A survey was therefore undertaken in mid-March 1952 to gain

specific information, concerning the experience with the new boot among

a sampling of infantrymen from the 3 regiments of the United States

25th Division in Korea. Additional- information, in the form of a brief

subjective impression of the new fgru3la V* anhidrotic foot pouder, was

obtained fo-cm the troops interviewed.

II. FI4SThOS IND MtA'ERAL

Two hundred eighty-one mee fran the l4thq 27th and 35th Infantry

Regriments were interrogated concerning their impressions of the insu-

lated rubber combat boot. During the interview their feet. were examin-

od for gross evidence of epidermophytosis, erythe-ma, hyperhidrosis and

tissue maceration. No effort was made to grade epidermophytosis in de.-

A !, ntmn Chloride 3%; Boric acid 7% Potassium alu-inum sulfate 10%;
Slicylic acid 3%; Powdered corn starch 5%,; Powdered Talc 72%.
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degrees of severity. Minimal criteria for this diagnosis were the

presence of scaling and/or fissuring. No laboratory techniques vere

'employed. It was realized that. under. these conditions certain errors

were unavoidable. However, it was believed that by gross inspection

general. trends of incidence of fungus infection could be established.

Hyperhidrosis, maceration and erythema, when present, were graded

as mild, moderate and severe. This breakdown appears in the tables,but

for the purposes of statistical analysis only the presence or absence of

the respective conditions was considered.

Ninety-three infantrymen of the 14th Infantry Regiment were in-

terrogated and examined at their battalion rear areas within 2 hours

after arriv4l fro.rm front-line positions. Sevefity-three soldiers of the

27th Infantry Rigiment were seen a~t their regimental reserve area. One

hundted.fi~fteen members of the 35th frfantry Regiment were met at a

shower point izmmediately after they arrived from positions in the main

line ,f resi5tance.

Ill. RWULTS

A. Subjective Impressions of the Insulated Boot. (Table 1)-

One hundred ninety-five of the 281 men interviewed had had

experience in wearing bot.. the new I'oot and shoepac. Of these,

72 (36.9%) volunteered no complaint concerning the new boot.

One hundred twenty-three (6ý3.1%) were troubled by what they

called "excessive" sweating.0

An effort was mnde, where possible, to elicit suabjective com-

parisons between the new insulated boot and the shoepac. One

hundred forty-seven (75.3%) of Lie men who had worn both indi-._ __

cated that sweating seemed greater with the new boot. Four-
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toen (7.2%) considered that less sweating was present with

the insulated boot. Thirty-four. (17.4%) could observe no dif-

ference. • $xty-seven (34.3%) men felt that foot discomfort

was more pronounced in the shoepac, while 38(19.5%) thought

it greater in the insulated boot. Ninety (46.1%Y could die-:

cern no difference.

TAKLE 1

SUBJECTIVE DM ION OF THE INSULATED BOOT ) •,

C-mpar-son of the Insulated Boot

No. Sweat- with the Shoepac
Regi of No cn- ing In- ,_wetin' Foot Discfoort.-.
ment Case, plaint creased More Less Same M gore Less

14th 48 13 35 40 .1 7 1 22 25
27th 73 39 34 52 7 14 24 19 30
35th 74 20 54 55 6 13 13 26 35

15 72 123 147 14 34 3138 67 90
(36.9% (63-.1%) (75.3%) (7.2%) (17-4%) ,-9.5% (3-.%) (46.1%

It was the impression of the exainers that the ovcr-all sub-

jective response of the troops to the boot was favorable.

Many of the men who commented on increased sweating and foot

disccmfort nevertheless preferred the new boot because of its

greater warmth and water repellent qualities. A frequent com-

ment elicited suggested that the so-called foot irritation de-

creased after the individal became conditioned to the boot.

)(ay of the ccmplaints registered arose when the boot was worn

during relatively mild weather conditicns when sweating was -

usually exaggerated. It must be kept in mind that the sub- .-.
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.lectiv. Impression of increased sweatin~g does not constitute

Prof~ that sweating actually was Increased. It may be that

consciousness -of sweat was more marked since there was less

opportunity for absorption by the single pair of wool socks

and none by the rubber lined beot interior as compared with

the two pair of heavy ski socks and felt insole worn with the

shoepac.

B. Condition of the Feet.

1. Epidermophytosis (Table 2)

Of the 29M men studied, U46 were wearing the insulated

boot at the time of examination.* Porty-nine others were

wearing the leather combat boot at exaimination but had

worn the new boot for varying periods of tine shortly

prior to this study. Si-,ty-five men (4.4.5%) of the insu-

lated boot igroup had gross evidence of epidermophytosis.

Twenty-.one men (42.9%) of the group who had worn the new

boot previously had similar involvement. A comparison of

these two percentages, utilizing the standard deviation of

proportions, revealed a difference of 1.6% or 0.34 sigmna*

This indicated that there was no significant difference in

the incidence of epidermophytosis between those wearing the

insulited boot at the tine of examination and those who had

removed this boot in fav;or o~f the leather combat boot sey-

eral days prior to examination.

Of the total group of 281 men, 86 had never worn the new

boot and were clad either in the shoepac (64.) or the leath-

er combat boot (22) when seen. Of the 64 men wearing the

_0r
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shoepac, 19 (29.71) had gross evidence of epiderwop•h• o.is. ,

Among toa 22 who were wearing the combat~ boots. 4 .(18.4j

revealed evidence of f'ingus ieccion. Me dffferene. In

incidence of epidermophytosis between thses two groups was

11.5% or 1.03 sigma. This suggests that the incidence of -.. -

opidermopbytosis was not significantly different among .

those wearing the shoepsc as compared with those wearing

the leather combat boot. Thus a total of 23 men (26.7%)

of the 86 who had never worn the Insulated boot had evi-

dence of epidernophytosis. Comparing the percentages of

epidermophytosis in those who had worn the insulated boot

with those who had never worn then, a difference of 17.""

or 2.9 sigma was found. Such a difference in the percent-

age of occurrence of epidermophytosis in the two groups .... •

could be expected to occur by chance alone once in 267

times. The inference was that the wearing of the insulat-

ed boot contributed significantly to an increased incidence

of epidermophytosis. This inference was further strengeth-

ened by the fact that 73 soldiers examined from the 27th

Infantry Regiment (Table 2) had worn the new boot either 0

at examination or shortly before. The 27th Infantry Reg-

iment was the only one of the three studied which was in

a regimental reserve area at the time of the survey. In "

the reserve area, where opportunities for proper foot by- . .

giene were better than at the front lines, the 73 men who'

had worn the insulated boot still had a higher Incidence

of fungus infection (41.1%) than the 86 men in actual ccm-
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bat btlo were wearing the sboepaq or the leather'boot

(26.7%).

TABLE 2

INIDENCE. OF EPIDERMOPHYTOSIS AMIONG 281 (C!BAT SOLDIERS ACCORDING M

TYPE OF BOOTGEAR WOMN XORE.A, 1951-52

History of Having History of not Having
Bootgear Worn Worn Insulated Boot Worn Insulated Boot
at time of No. of Evidence of No. or Evidence of
Examination Cases Eoidermotrh-osis Cases Eipidermoplrvtosis

Insulated Boot 16 65 (4454%) - -

Shoepac (Rubber) -- 64 19 (29,7%
Leather Boot 49 .21 (42.75) 224 (18.2%)

Total 195* 86 (44&.V,) n41 23W2670

*Includes 73 soldiers for the 27th Regimeiht in reserve among vt.m
30 (41i') had evidence of epidermophytosis

**Sldiersexamined immediately after arrival from front-line positions

*2. Erythema, Hype-rhidrosis and I-aceration

As has been stated previo-.sly, of the 195 men iwa had

worn the insulated boot (Talile 3, Group I~a), 146 we,;a

wearing it at the time of exam.inationt. The remaining 4~90

men had recently changed to the leather combat boot.

Among the 146 men wearing the new boot, 56 (38.3,-) had

evidence of hyperhidrosis, 56 (38.1-0 showed maceration and

80 (54.V-) revealed erythen-a. Considering these mani-

festations in the 49 men wea."ing the comfbat boot (Table 3

Group 1, b), there were nine (18.4%) cases of hyperhi-

drosis, five (10.2%) of macerati.on and 18 (36.7%1) of

855
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erythema. Ccxnpring these percentages by the method of

stAndard deviation of proportions (Table 4, Group r) It

iwe found that there were significant differencer between

the two groups in the respective incidence of hyperhidro- 6

sis, maceration and erythema. This indicated that unlike

the situation described previously with regard to epi-

dersiopbytosis, byprhid-osis, maceration and erythema were

significant~ly decreased in incidence by removal of the in-

sulated rubber boot in favor of the comlbat boot - even for

a brief period of & few days prior to examination.

In order to evaluate further the .xole of Mse insulated boot

In the production of byperhidrosis, maceration and erythema, a

Sampling of front-line soldiers who had never worn this typo

of bootgear was examined for purposes of comparison. This

group included 86 men, 6.14 of whom were wearing the shoepac

and 22 the leather combat boot at the time of examination.

The incidence Of hnarhidrosis, maceration and erythema, among

these men is showni n Table 3, Group I. In Table 4, it is

demonstrated that there -vs no significant difference in the

respective percettages of occurrence of hyperhidrosis, waacera-

tion and erytbema among the 64 men wearing the 3hoepac and

the 22 wearing the leather combat boot. In the third section

of eTble 4 the percentages of tqp'rhidrosis, maceration and

erythena among troops who had recently changed frao the in-

sulated boot to the leathar conbat boot and those who had

.... .. '. -

wonh nl t he gr o eps nte or teleather combatenbeot arerhcdom- "
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pared. These differenees Ina percentages were not signifi-

cant in the case of hyperhidrosis and maceration, however,

they were significant wihere erythema was concerned. It

was therefore concluded that whatever effect the insulated

boot may have had In the production of hyperhidrosis and

maceration it was reversible by replacing this bootgear by

the leather boot for a brief period of several days. The

minimal period required has not been determined. IHowever,@1 it was apparent from the data that erythtrua persisted in

I higher incidence even after the change from the insulated

boo. to the leather combat boot. The significance of this

I finding was not entirely clear but it may be postulated

$ ~that since erythemia was the earliest finding to appear vdien

1 ~the insulated boot. was worn for unduly long periods of tine

* .it may also be the last finding to remain in the reversal

of the process.

The final step remaining in evaluating the effect of the

I ~insulated boot is the comprarison of percentages of hyperhi-

drosis, maceration and erythema in troops wearing the new

insulated rubber boot at the time of examination with those

* men -who have never worn them. In Table 4, Section 4, dif-

$ ferences in percentages in these three manifestations are

* si gnift~ant. This scems clearly to indicate that hyper-

hidrosis. maceration and erythema exist in higher order

of frequency among combat soldiers (whose activities and

equipment are otherwise com~parable) when wearing the new

I .insulated xtbbcr boot than %hen wcaring the shoepac or

* 659
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the leather combat boot. The data further suggested that

removal of the new boot and change to a different type of

bootgear wil limit the incidence of maceration and Wper-

hidrosis ev-m in a man who had wo: the new boot in recent

days prior to examir.nation. 1he residual finding of ery-

thema, however, and fungus infection, the latter a more

chronic process, was shown to real elevated in incidence

for an undetermined period of tine even after removal of

e li the new boot..
.- Of the 281 men included in this study, 33 (11.•%) were

Negro. This represented a samp1iq eo•nsitent with the

over-all Eighth Army percentage of NeRo troops at the

regimental level. However, the absolute nuber of Negro

troops eramined wUs too 9=31 to permit statistical com-

parison of incidence of the various phenomena described,

on a racial basis.

C. Subjective Evalur-tion of the formla V foot poader.

Two hundred .=nd nine of the entire group of 291 men had ex-

perience with the us- of the foot paxer. Of these, 31 volun- 4

teered the eenplaint of caking. Forty-one observed no benefit

fron the po~der. One hwudred sixty-three considered that

sweating was limited by the foot pomder. A breakdown of these

data is seen in Table 5.
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TABIK

SUBJECTIVE IDPRESSION OF FO0MfA V EMT POWDER

No. of Ccplaints Sweating No
Repjment Cases CakimR misc- Reduced Benefit

14th 67 10 4 50 15
27th 58 7 2 43 14
35th 84 14 3 70 12

Total 209 31(14.r%) 9(4.3%) 163(77.) 41(19.6%)

"" IV. SU! HARY AND CONCLUSIONS

Front-lIne soldiers (281) from the 3 regiments of a United States

".- infantry division were examined in Korea in March 1952 for sequelae fol-

lowing the wearing of the new insulated rubber combat boot. Comparison

.as made with other standard bootgear." Subjective troop rex.ction to

"the new insulated boot was obtained.

SWhile 147 of the 195' men who had wcmn the new boot felt that it

increased sweating of the feet, the general subjective reaction to -the

"boot was highly favorable.

The incidence of epidermophytosis, hyperhidrosis, maceration and

"erythma was significantly higher .'n men v.ring the ins'rted boot than

in those wearing the shoepac or the leather combat toot. Significantly

higher incidence of epiderrophytosis and erythtna persisted even when

* the insulated boot had been replaced 'y -he le, her combat boot a few

days prior to exnmination.

No effort was made to w.Agh the benefits of the new boot in with-

standing severe wet-cold environments against the several adverse se-

quelae which rmay arise from wearing the boot under certain conditions
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3as described in this report.

t It is emphasized that careful attention to foot hygiene, daily

sock change, avoidance of prolonged, uninterrupted wearing of the boot-

and interdiction of the use of the boot under warmer weather conditions

than those for which it was designed are essential principles in the op-

timal performance of the Arny insulated rubber combat boot. Disregard

of these principles may lead to a temporarily incapacitating foot syn-

drcme consisting of varying degrees of tenderness and pain, erythema,

), I f hyperhidrosis and maceration. Fungus infection may be superimposed on

the above or ray occur as an isolated finding with an increased indi-

* dence.

interrogation of 209 troops who had used the formula V foot

powder revealed sane evidence of its effectiveness in reducing swea,-

ing of the feet.

V. AnDEMDUM

I •In cAdition to the data presented above, some 200 troops from

other United States infantry divisions and miscellaneous Eighth Army

units were interviewed at a mobile an7y su.-gical hospital concerring

their general impression of the insulated boot and the use of anhidro-

* tic foot pcider. The consensus was that the new boot was more ccrfort-

* i able than the shoepac, that it afforded better protection against cold

• and that it was in general more desirable in spite of the apparent in-

I* crease in foot perspiration. An occasional soldier canplained that the

top of the boot rubbed against his leg, but no instance of infection

produced in this manner was observw d. Among this same group of men, it

"was apparent that the use of foot powler was sporadic. The powder "s

not always available. Caking was a frsrw ent complaint. Blurning and an
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offensive odor of the feet ws an occasional coplaint. There wms
some feeling that the new fornwla V powder %as.more effective in

controlling sweating than the powder previously used.
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A STUDY OF THE PERSONAM1T TRAITS OF FR0STIBITE CASUALTIES

1. IlTRIDUC rOM

A psychiatric study of frostbite cases was conducted

at Osaka Armsy Hospital, Osaka, Japan from December 1951 through

April 1952. The purpose of the study as outlined by the Office

of the Surgeon General was "to determine the personality patterns

of personnel su3ceptible to cold injury in combat, and the

nature and oxten~t of affective and intellect~ual factors in the

etolg of col:d ijr" h netgtr also wereinersted

* psychologist and a psychiatric socia." worker.

MI. MOHD

A. Subjects

Three groups of subjects consisting of a frostbite

group and tw.o control, gr-ups were investigated.

S

Group Is the stu'Iy group, %no couposed of 51 frostbite

patients selected fron 116 patients uncdergoing physio-

logical, -Ttdies In an inveatigation of frostbite. The

c~riterion useZ in scilection was that the subjects be

able t-. take psychological tests without limitations in

fourth d.egree, and 10 cases had a ffzevarest" injury of
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†††††††††††††††††††††.**.* .* 7 .. . . . .



second degree. Forty-seven subjects had frostbite of

the feet, three of the feet and hands and one of the

hands exclusively,.

Group II, the hospital control, was a group of 2D

patients hospitalized for combat wounds other than cold

injury. These men were from the same region a.d units

as the frostbite aubjects. They had been wouz.ted on

the same day or within a few days of the time the frost-

bite subjects received their injuries. "ineteen of these

-ubjects were perfor!irZ combat duties when injured.

Gunshot, shell fragpent and missile wounds of the face,

neck, thorax ard extremities constituted the injury in

16 subjects. T'ree sustained fractures in combat and one

in a jeep accident. Only 20 subjects in this category

could be obta!nsd fron tha three a=7 hospitals in the

Osaka area.

The second control group, Group III, the combat control

group, was compczed of 51 subjects. This was a sample

from a group of zin who were subjected to the sawe environ-

mental stress in time, geoaraphical location and

activity as the frostbite subjects. The individuals in

the combat control grolp w-.re selected from a squad,

patrol or other s.•l- unit in which someone (who may or

may not have been a member of the patient study group)

sustained frostbite. The subjects in the combat control

667

..................................................



S

+0

group were functioning combat soldiers, without injury,

on duty in Korea at the time they were studied.

The racial composition of the three groups was

"restricted to United States Whites and Negroes. Puerto

Ricans and Hawaiiarz were excluded because of possible

language difficulties. The frostbite study group con-

sisted of 26 Wihites a•4 25 .'agroes. The hospital control. -

group included 20 Wh5.tes. The combat control group

included 51 Whites. All of the subjects were enlisted

men with the exception of one officer in the hospital

control group. Negro controls were not used in the

hospital and combat groups becarse they could not be

obtained in sufficient numbers.

B. Tests

Thes study and hospital control group3 were investigated

by the following procedvres. A social history was taken,

psychological tests were administered and each subject

was se4n in a psychiatric interview. The t•'its adminis- S

¶ tered were the V'echsler-Eellevue Intelligenc, Scale

(Form I), the Minnesota Ifultiphasic Personality Inventory

(!.:Pi), the Structured Sentence Completion Test (SC),

eight selected cards of the Thenatic A•pperception Test

(TAT) and the Rorschach Test. The combat control group

was admninist 'red the same battery of psychological tests,

bt-t only a part of the group was intervieweL for a

social history, and none of the group was seen for a
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Psych atrie interview. The study and• hospital control

groups were tested In a hospital In Japan, while the

combat. control group was terted in tents near the front

lines in Korea. The social histories were taken by

technicians of the Social Service Department. Psycho-

logical technicians administered the psychological tests.

These workers had had hospital experience and training

and were supervised by professional wnrkers. The

psychiatrist conducted each psychiatric interview.

C. Initial Organization of the Data; The Initial-easures

The social history interview obtained a record-of

basic identifying and personal history data (including

military history). The information a as obtained in one

interview. The items included in the interview are

listed in Appendix I.

Esch subject wos seen or one psychiatric interview,

-. approximately one hour In duration. Several subjects

were seen for additional interviews and three men were

transferred to the psychiatric servica for treatment.

The information was written as it was obtained during

the interview, and it wes later recorded in systematic

order on a form. The form dsed is given in Appendix II.

The data obtained from the social history and psychi-

atric intervifews ware used as a basis for formulating a

series of categories into which the data could be placed

for the purposie of making quantitative comparisons

669

................................................ °. .•



"between subjects. A set of items was written for the

measurement of the variable defined by each category.

The measures thus formed will be referred to as

interview-initial-measures. They covered the following

categories:

1) Age at last birthday.

2) Education recorded by 2-year intervals.

3) History of serious illness (The duration of

longest continuous illness, whether 3, 6, 12

or more months).

4) Number of accidental injuries (Accidents for

which medical" care was needed or from which there

was somea temporary incapacity. Up to six

accidents w-re listed separately. Six or more

Were listed together).

5) Attitude towards illness and accidents other

than cold inJury (Tlhi war rated as of no

concern, somie concern or sdidous con~cern).

6) Rez'ction to cold inju-ry (The attitude of the

subject to-,rd his rezaval from the front and

his concern about the future consequences of

his frostbite were evaluated in six steps).

7) Evidence of predisposition to cold injury (The

subject's report of previous cold injury was

the only datum considered as evidence).

670



( "

8) Evidence of self-inflicted cold injury

(Evaluated as existing with varying degrees of

certainty, from none to admission of intent).

• 9) Attitude toward induction, broken down into

several degrees of acceptance-rejection.

10) Attitude toward assignment to Korea, both at

time of assignment and at time of examination.

11) Compliance with cold weather training (Reason-

able prect-.tionary measures, failure to follow

instructions due to lack of equipment or other

-situational factors, failure to follow instruc-

tions even though equipment available and

situation permitted).

12) Home background, categorized as either separation,

divorce or death of parents before the subject's

eighth birthday.

* A clinical eva.uation of each individual in the study
, g

and hospital control groups was wade jointly by the

psychiatrist and clinical psychologist. This evaluation

was based on the social history, psychiatric interview and

psychological test data. Approximately one hour was

spent in studying ard evaluating each cave after the

psychologizal tests had been scored.

A set of personality traits which should be evaluated,

together with a scale of items for rating each, was

formulated before the clinical evaluations were wide.
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Alter the clinical stUdy of each subject, these Scales Of

items were used to record the amount of each trait Judged

to be present. One scale, diagnostic category, was tued

only for those subjects considered to be outside the

normal range of adjustment. These scales of items win

hereafter'be referred to as clinical-evaluation-iritial-

, measures*

These measures covered the following traits:

1) Lmpulsivity: Evaluated as markedly non-

ismulsive, average impulsivity, fairly strongly

.impulsive and markedly Lzipulsive.

2) Deperdency: Rated as markedly dependent,

average dependent-independent and markedly

. independent.

3) Long range pattern of somatic pre-occupation:

Rated as absent or present to a mild or marked

degree.

• •) Reaction to stress: Rated from very low

threshold to very strong degree of tolerance

in five stages.

S5) lHostility: Evaluated as normal or strong and

as directed towards self or others, or towards

* both self ari others.

"6) Attitude toward father: Evaluated as unclear,

acceptance or rejection.

*@ 672
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7) Attitude- toward mother: Rated the ame way

as no. 6.

8) Attitude toward siblings: Rated the same way

w No. 6.

9) Attitude toward authority: Rated the smue way

as No. 6e

10) Personality adjustment evaluated as follows:

* Ii a) Normal range of adjustment.
b) Neurotic personality - not. incapacitated

by syrptoms.

€) Suggestive neurosis.

"d) Overt neurosis.

a) Pathological personality.

"f) Latent or overt peychosis.

g) Psychiatric disorder of an organic reaction

S* * type (Classified according to army nomenclature).

SIb h) Ir~maturity reaction.

The Interview-initial-measures and the clinical-

evawlation-initial-measures mentioned above were com-

plemented by a set of test-initial-measures obtained

from the scoring of the psychological tests. Each of

* the standard and each of the especially designed

measures rentioned in the description of the tests

which imn ediately follows, will be referred to as a

Stest-initial-measure.
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IThe Vecbsler-Bellevue used consisted of all 1-1 sub-

tests of Form I of the Wechsler-Bellevue Intelligence

Scale.

The Minnesota HM-ltiphasic Personality Inventory

0MHP) consisted of all 550 items of the inVantory and

was scored with the K factor added. This seoring

yielded the 13 conventional T-scores (four for the

* validity scales and nine for the clinical scales).

The T-scores for the nine clinical scales were used for

1 making comparisons 'between subjects, and they were also

j I used In obtaining three derived measures for each

I subject, namely: 1) Code Type (1), 2) Welsh's Anxiety

/ I

Index (2) and 3) Welsh's Internalization Ratio (2).

* I The formulae for these derived scores appear in

,Appendix III, Section A.

S jThe Tezatlc Apperception Test (TAT) used was limited

to thosft cards which apparently wculd be most likely to

I give indications of dependency. Impulsivity and hostility

in the subject# namely, the male cards 3M, 4. 6tM.

7-h 1M2. l~?> -t 14. and 1711s. The subject wnrote the

stories himself instead of dictating them to the

w asiner. All the stories produced by a given subject

were studied and given a rating on each ofr the traits

mentyoned above for all the stories a a group. For

each of the traits, a rating of "no data" was given in

cases where the stories gave no indication as to wuether
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i the subject did or did not possess the trait in question,

When the stories did give some indication of the presence

of the trait, the subject was rated as falling into

one of several categ,.ries for each trait, as follows:

1) Dependency: No data, markedly dependent,

average, markedly independent.

2) Ipulsivity: No data, markedly non-impulsive,

average, markedly impulsive.

3) Hostility: No data, average, strong towards

others, strong towards the self, strong towards

both others and the self.

4) Direction of Hostility: Hostility towards one of

the following: fe=ales; males; authority;

males and females; authority and females;

authority and malae; males, females and authority;

generalized hostility with the object of hostility

uncertain.

The sentence completion test used w.s Form X of the

Structured Sentence Corpletion Test of Bertram R. Forer.

This test consisted of 100 items, 54 of which were

divided Into sets of items. Each set dealt with a

separate personality characteristic of the subject.

The characteristics measured by these several sets were:

1 fattitude toward father, mother, people in general az•A

"authority (each separately); dodnant drives of the

S. subject; method of responding to aggressive acts against

..-
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himself; mtbod of responding to failure; and the

situation or person usually causing depression, anxie'W,

and feelings of guilt (each separately). There were

five test items for each personality characteristic

except drives, for which there were nine. In this

study, one of the items for drives (Item No. 98 "If

I were King, I would - - - -) was not used in the scoring,

I reducing the number of items for drives from nine to

eight. Each personality characteristic was scored as

being either present or absent. Vo attempt was made to

f. differentiate varying ,zounts of the characteristic.

A giver. characteri3tic was considered present if the

subject's answers indicated its presence Ln three or

more of the set of items measuring the characteristic.

In the case of the drives category, th~is made it possible

for th• subject to show two different drives as there

S ;were eight items in this category. The subject answered

I all 10O items in the test, but onl 53 items were scored

and used in the study. Forty-seven items were deleted

because they could not be categorized and properly

evaluated as described above.

After the scores on each of tU• personality character-

istics listed above were obtairAed, these scores were used

in comparing subjects. They also were used to secure

"" scores on two additional characteristics, namelv:
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1) over-all attitirle towards authority figures (father.

mother and authority. as a group) and 2) hostility.

The scoring guide used in scoring the tests was

developed by the workers in the psychiatric phase of

the cold injury project at Fort Knox and appears in

Appendix III# Section B.

The Rorschach Te3t was administered and scored by the

I , ~ Klopfer and Kelley method. The scores for each of the

Klopfer and Kelley categories were used in obtaining

scores on five scales developed by the workers in the

cold injury project at Fort. Knox.

Th' five scales were developed from two factor analyses

of the Rorsechach carried out by Wittenborn. The first (3)

analy.sis was based upon the Rorschach protocols of 92

SYale under~radiates and yielded four factors which

Wittcntorn deisinates as Factors it, I1' nit and IV,.

The secord (4) was based upon tPe Rarschachs of IW0

-- psychiatric patitnts md also yielded four factors,

which he called A. B, C and D. Exadnation of the

i ".5 factor loadings, on the Rorschach scoring categories •

(such as W, D, Dds Ho, F7. PC, etc.) in tho rotated

factor matrices for the two studies, indicated that

three of the factors were co-.on to both studies while

one factor Ln ,,-ch study was without a corresponding

factor in the c.ther. Factor It of the first study was

apparently the :quivalent of Factrr A of the second;

6..
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the factor comon to both studies was therefore

designated Factor hIA. Factor III? of the first study

seemed to be the same as Factor B of the second; the

common factor was called IIItB. A third factor derived

from the two studies may be labeled Factor IVeC,

Factor III of the first study and D of the second

remained as two dissimilar single factors. Thus a

total of five factors could appear %hen Rorschache were

given to subjects containing both normal and abnormal ".

individuals. A scale for measuring each of the factors

was devised as follows.

The rotated factor matrices were examined. All

Rorschach scorirg categories which had a factor loading

of 0.300 or more in both Factor It of the first study

and Factor A of the second were selected as being

measures of the ct'xon Factor I'A. Simnilarly, all
Rorschach scorin categories with a 0.300 or greater

loading in the appropriate factors in both studies

were considered to be measures for Factors II'tB and

IVtC respectively. AU_ those having a loading of

0.300 or more in Factor III in the first study were

selected as a measure of this factor, and those with a

loading of 0.400 or more in Factor D in the second

study as a measure of the latter. The higher criterion

was used for Factor D because it contained a larger

number of scoring categories with heavy loadings from 4

, 678
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which, to choose. After the scoring categories for each

factor had been selected by the above criteria, the 0 and

R categories were eliminated. The Os were eliminated

because the Rorschachs administered in the present study

were not scored for 0 responses. The Rts were not used

because R was selected in more than one factor by the

above criteria, and its magnitude was so great that it

might have overshadowed the effect of the other categories

of response belonging to these factors. Zach of the five

factors was arbitrarily labeled with the name of the trait

which the Rorschach theory and general psychological
theory seemed to indicate to be the best descriptive

title for the factor. The resulting factors with their

scoring categories and names are listed below:

I'A (Sum of So m, FC) - Negativism.

lII'B (Slm of W. K, C. CF. c) - Impulsiveness.

IVtC (Sum of D, do Dd, S. F) - Compulsiveness

(Alternate title - Fluency).

I19 (Sum of K. Co c, P) - Freedom from intellec-

tual inhibitory control.

D (Sum of Do H, M.A, FK. C', FC) - Intelligence

or Integrative Ability.

For each subject a score was obtained for each factor

by counting the total r.,•nber of responses in the several

* scoring categories belonging to that factor.
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The scores on these five factors, together with the

w.res an N, Sum-C, K minus Sare-C, F%, R, number of

aggressive responses and chromatic minus achromatic

reaction-time constituted the test-initial-measures for

the Rorschach. The Rorschach patterns as a whole were

considered during the clinical evaluation procedures,

but individual Rorschach scoring categories other than

those just mentioned were not used as test-initial-

measures. "All other scales cited above in connection

with the various tests- were used as test-initial-

measures, excepting only the validity scales of the 1*MI.

When the scores had been secured for all the test-

initial-~e.sures, there resulted a total of 41 scores for

each subject in the combat control group (all of which

were scores on tost-initial-ceasures), and 64 scores for

"" each subject in the study an' hospital rontrol groups

(derived frw all initial-measures). Scme of these were

scores in the true sense of the word, in that they gave

the subject a nir.ber indicating his performance on the

measure, e.g., I.Q.: 98. Others gave no numerical value

to the response, but only placed it in a category,e.g.,

attitude toward father, acceptance, rejection or some

other category of response. Scores of the former type

"were szrmarized for a group of subjects by determining

the mean score for the group. Scores of the latter

type were swarized by stating the frequency (number of
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subjects) in the group of each of the several categGries

of response. For example, the frequencies for •.e

various categorics of response for the L--ital-aeasure

attitude toward father for a group of 25 subjects might

be: unclear, 5; accep',ance, 16; rejection, 3; anxiety. 1.

In this Illustrations four Crequency scores were required

to repre3ent the group's score on a single initial-

p • . measure, even though each subJect gave only one response.
;" "This relationship of single scores for the individual ,

subjects yielding multiple scores for the group was typi-

cally the case with initial-reeasures which involved frequency

scores.

Either the mean score or the frequency of respnse category

score(s) was obtained for each initlal-neas-Are for each of

the three groups of subjects. In addition, the study

group was broken down into two SIAtgroups and te corre-

spordIng scores obtained for them. T.e sutgroup3 were:

Study N:ero (25 cases) and Study White. (26 cases). The

study eroup was thus represented by three sets of scores*

i.e., one set for the tot,,I group and two for the subgroups.

U. Final Organization of the :iata; The Final-Feasures

The '•iean and frequency score- for the various groups

were next studied to detem.1ne the relationships letween

gm'ips. Graphs were drawn for most of t.e =easures and

tables were made to facilit;.te compari-nons between groups.

Calcilations for Lignificance of the difference between

6I8I
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groups were made in typical cases mntil it was learned

just how large a difference was required in order to

approach or yield otatittically significant differences.

It then was possible to determine those measures which

clearly and definitely 6howed no differences of signifi-

cance between the groups compared. Many of the Initial-

AOeasures were discarded from further consideration because

they revealed no sigrficant differences. Others were )
- .- :-

retained and converted into new nrasures by ccibining logi-

cally sirilar categories of reeponse into a single category.

For illustration, the first three categories o1 the clinical-

evaluation-initial-map-sure terrad personality adjustment

wore normal, neurotic personality and s estive neurosis.

From th6 data it sc#e-d that the point in the scale at

%hich the psychiatrist and prychologist 4-.d unccneciously

made the de.rcation bstwaon the nor.al range of adjust"vent

and the abnorz-l range of adjust!int ins between neurotic

personality and •uggertivs neurosis, and not at the point

between normal and neurotic p_,reonallty. Rence, the latter

pair of categordies were combined into a new category terred

normal range ot adjustusnt, and the frequency for this cate-

gory.was obtained by su==aing the frequency for the two

parent categories. The new category, normal range of adjust-

ment, was then connidered a firal-meaaure.

Two more illutrations are prenented. The test-initial-

measure, attitude toward father, contained the response

.- ,
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categories: .- unclear, acceptance, rejection and anxiety.

Study of the data 3ho.ed that acceptance was the only

one of these showirg any appreciable differences between

groups, and also that the pattern of variation of fre-

quencies fromn grut to group was exactly oposite for

unclear and rejection as compared to that for acceptance.

It seemed clear that the category acceptance sumarized the A

data for this measure, and the frequency for this category

therefore became the frequency for the final-measure,

acceptance of father, which replaced the initial-measure,

attitude toward father. In scme cases one initial-measure

was converted into two or more final-measures. Thus the

"initial-tert category, dominant drive, contained a large

number of cateu.rlies, but only two of these were

answered positi-e'17 an appreciable number of times by the

subjects. The fre uencies for these two categories became

the frequencies for two final-me.zsures, prestige drive and

escape drive replacing the one initial-measure dominant

drive.

The term final-~ea.ure was used to signify all these

newly formulated measures and also all initial-measures

which were retain-ed unchanged and used In making the

f ir3l compariso.s b-tween groups. It should be noted

that in some cases (e.g. I.Q.) the initial and the

final, measures were one and the sane. All data reported

. ~603 -
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in the bodly of this investigation are data on fialý-

Measures, except the data derived from the psychiatric

examination.

The study of the data for the initial-measures revealed

that the differences between the Study-Negro and Study-

White subgroups were so great that it was not Justifiable

to compare the total study group cozposed of the mixture

of these two with the control grou3s which were composed

entirely of Whites. For this reason, no comparisons were

made betwzen the total study group and others using the

final-measures. Instead, the destination Group 1 wa:

reassigned to the Study--hite group, and the Study-

Negro group was called Group 1M. The only ci.zarlsons

made with the final-measures were2 Study-Negro with

Study-Vhite, Study-*White w.&th each of.the control groups

and the two control groups with each other. The sta-

tistical significance of the differences obtained for each

of these ccmparisons for each of the final-measures was

calculated by chi sqnare, the "t" test or the direct

calculation of probability, whichever was appropriate.

MI. RESULTS

Mean or frequency score- for each group of stibjects are

given on the initial-measures in Appendix IV. A few initial-

"measures were omitted bocause the number of answers was so

0 ;meager as to yield practically no -'4a. Appendix IV also

684



contains means for each grop on each of the subtests of the Y chsler-
Belleevu and on each of the Rorschach scoring categories.

Data on ahe final-iMeasures showing differences between two or
more groups of subjects which were significant at the 1% and 5%
level of confidence are given in Tables 1, 2 and 3. Included in the
tables are comparisons of measures which yielded only a 5.1 to 20%
level of confidence and could only be considered as suggestive trends
or differences. Every final-measure involving frequency scores
basically possesses only one response category, namely a particular

* response or characteristic of the subject. This may be considered

as two categories, rns'e!y, 1) presence and 2) absence of the
"response or characteristic. The data for such measures are pre-

sented by stating the nt•5r and percent of subjects in a given

group who fall in the presence category, i.e., have the response
or characteristic. Data on these measures are given in Tables 1
and 2. Data on finrl-cea-ures Involving MCM scores are given in
Table 3. The results of the psychiatric examination of the

patients and hospital conrtrols are shown in Table 4.

The positive results together with tU1ir sources are

sunarized as follows:

1. At the 11 level of confidence

"a. More of the hospital controls than the

cAnbat controls exhibited drive for

pre~stige, acntevcn-ýnt and dominance as

their strongest attributes (sentence

completioa test).
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DIA(GNOSTIC CATEtODRs AW4 CLASSIFICATION COME NUMR
(Clinical-Z-valuation-Initial-Measure)S ..... I lMmber of cases in Group 1N, 1 and 2 falling

In each category listed below

AnW i 1 ," 2
Group Code Study Study Hosp._..••..._p'•-• 1.%t'd t+•tO

Totnl t'o. Ca.es k>-- 26
?!o•atn COO 1 I " 16 1
Schiophrmcni reaction "

Sch.,za pretic c react[onl•t.:nt I•..• l 0 "0

3:01 1 0 1* d',•v . .•,tI'+, _ ,_I -.. !_j .-

/ - 1'- . -+ .... "1., t7 ='+ 3 I
**j~io*,p* Inattd.,iilty I

•, :•ct!on____ __ 3O 1 2 0
Pausive cd. A-Jc~ey

wit

_ I= A ..... 0 2 0

b. I:orc of tho horpital controls thmzl the

Vcdte frostbite Croup took roa.onable __

pr,1c!utions e-aiint cold injury (interview).

a. Thm Uhi.te frostbite &mup3 showed higher

ful-i-cale cnd porfor.r-jce IQs than did

the Negro frostbite group (-':ýchsler-

Bellevue).

2. At the 5% level of confidence

a. More hospital controls than White frostbite

cas4s exhibited drive for prestige,
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achieveme.nt =d dominance as their strong-

3est art t. utes (sentence completion test).

b. Fewer of the White frostbite cases than

the hospital controls took adequate precau-

tionary moasiures against cold injury when

circtustances permitted such steps (inter-

view).

*c. 1ae White frostbite group was more

negativistic on the Rorschach test than were

the combat controls,

d. The White frostbite group scored higher

on the Hypochondriaais scale of the

1anrne-ota Multiph•.nlc Personality

Inwentory thzn did the cv-b~t controls.

e. The "Cather r"'%tion" of the White

frcstbito roup was3 more strongly. one

of ac:eptbar.e tham was the reaction of

the Ne.gro frostbite group.

f. The Nabio fro5stblto group'showed a

higher anxiety Index on the •IOet than

did the WILite frostbite g.up. L

3. At a "nu estive level" utilizing the range

of 5.1 to 2C:1level of confidence

a. 71-1• coi-at centrols when conqpared to the

hozit-il con ,13 showed:



1) Stronger escape tendencies as their

dominant drive (sentence completion

test).

2) Lesser degree of acceptance of father

(sentence completiton test).

3) A greater acceptance of mother

(sentence cc.pletion test).

Unq) Le(r htend¢rcioc of Impulsiveness

(Borschach).

b. The Vaite frostbite ;,-ip when compared

• *r with the hocpIt2.' controls thoweds

1) A ter~drey to have a freuont history

of or- or =re vdratonl severe

s'.cid.ate (intcrrrvie)*

2) l*•rv Co1ne=- OV".r i,3-In0se and

accidcnta ot.•or Visn frostbite"

3)A zr .melv--Tt of bcme)

back~ouw.d of ceraration of the par-

onto before the patientts eighth

birthdry (interview).

4) Lees 'iarked dipendancy (clincal•

emaluation).

5) Y.'re fre .ently diagnosed in the

category of t-..,aturity reaction

(clinical evaluation).

694
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6) Persistence of childhood neurotic

traits (e.g., nail-biting, enuresis)

beyond the age of 6 years (clinical

evaluation).

7) Less frequent guilt feelinr due to

having harmed others (sentence

completion test).

0) Fewer cases tended to react to

aggression by acceptance (sentence

.oapletion test).

9) More neifativistiC tendencies

(Rorschach).

10) A gr2ater tcndency to be hypo-

cho ,ndriacal . ) o

c. The White frostbite grmur when coupared

with the cc¢bat controls tended to be

more markedl.y inpulsive (Thematic -
Apperception Test).

d. The White frostbite group when compared

with the negno frostbite group showed:

1) A wore rrequent history of one or

more mode.rately revero accidents

(interview).

2) Fewer previous histories of cold

inj~uries (interview).



3) A less frequent histoV7 of separation

of parents before patients's eighth

birthday as an element of home

background (interview).

£3 Less marked dependency (clinical

evaluation).

5) A tendency to fall more often in the

normal range of adjustment (clinical "

erva•uation).

6) A tendency to be more accepting of

the mother (clinical evaluation).

?) A tendency to have a higher tolerance

to strezs (clintcal evaluation).

8) A tendency lo:s frmquently to mast

CereeiAion with a passive totional

reaction (3vntcý-ce corpletlon test).

A9) tendency to react moro often to

failure by restriving (sentence

co•--pletion test).

10) A tsndency to di'iplay stronger

hostility toward self and others

(Thematic Appercetion Test).

13.) A tendency to have a higher

Wecbsler-Bellevue verbal I.Q.
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12) A Lendency to show a ereater freedom

from intellectual inhibitory control

(Rorschach).

13) A tendency to give fewer aggressre"

responses on the Rorschach Test.

114) A tendency to have a lower internali-

zation ratio on the KI.

15) A tendency to be less hypochondriacal

"according to the IOP1I.

It rmst be -nphasized that the traits and charpcteristics

"N ' cited above are safely used only when the measuring instrument is

also mentioned. Their use as a-cliaical description is warranted

only insofar as the instriment is a valid tool of clinical evalu-

ation in the trait named. For insttunce, the term n.orc hypo-

chorndriacal according to the XVFI? ans no more then the srbject

s.cored higher on the hyp-)chorfiriasis scale of tI'u KI and not

necesfarily tLat he displayed any clinical evidence of hypoc*an-

Sdriasis.

1I. DI.,CUTION A 0' cOCUSCO.;S

Fro~m a purely statistical vicwjoint it is de!;irnble that

th'e 'o,.parison ,-roups be as large as possible. The prircipal

aIv:...age of increascd Croup size in that jroup statistics and,

consequently, co-,.p.irison statist'cs, '.ecoQ-.e tore reliable. For-i:i.r,'•on it would be hi" U at 7

r teAhihy dehirn.yle to K! .ahle, le:itis. ly,

to connider all of t.1.e frostbit c a~.s s a3 A~~l ~o on ore

... jd, and'I of the controls as a c In ;rot:p on the other.
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I Whether or not such a cmb-ining procedure Is acceptatkle

* ~depends prl~innlon Via h respective subrUmps (White frostbite#

Negro froat~bites conbat controls and hospital controls) being

essentially homoononoua vith rerpect to the meavsured Yveriables

whan combined. An exrminiition of the results casts s.aricus doubt

on the vclid-ity of this process for &Zrandizing the sml

I size. For insteance, there wore slititiccnt differencas between

the two frostbite oub.roupi in suth varian,14cs as fu-ll-cale and

parfor-nnce !'i, in reactions tmrard flather amd In the anmdety

* index of the F2'I. Tho tUmi cantrol smbtroapa likde sowoe

difference i~e, ov in dc~inant drive.

aurthem~ro, since lareger szmple soiec will di--.clsa rzor

reesdi17 vinificcant diffcmn-js scici $ t~~fie rigor

drmmda tbat 1acitne o: hin c th', r:-3 of tta e%:.qla by

* ~~~erbi.-nlng b-.i~p to :-st st ~1 ~~c.In t~iis lie;11

*ono moct cone'd or tbc rjaiztivtj re-7alti re~itioned in t13 193t.

section &3 otiun rar! xifa. not.c:ing The3 Lzdivi&ual

rub~rourri v,3ro ke~pt srpirate for t~hA4a re:rono, and they were

considcretd as msajor groups.

Since it. va3 felt that combining Negro frostbite with Vhit.

*froetbite caess was not allicýablcs, there see--ed] to be little

jestificaltior. for comparing 11cgro, fmrotbits with 'White controls.

Const qP mtl7, c.."jariaons across the fro-stbit'.. variable we~re only

bsi'#,en Widt-- 9rOups.

* - ~As ILZtba ezxpseted the frostbite grmup (on'y~t sub.'ecf j)

*utilized fewer precAutions against cold njury tban did tha hoepital

0C



controls. This was not concluaive evidence of will-ful intent or

self-infliction on the part of the frostbite patient. Unfortunately

* ":there was rio comparable information available on the combat White

control subjects.

The hospital controls as a group gave evidence of a strorg

drive for such attributes as prestige, achieverent ard dordnance

which lead to respect or admiration from others. By contrast the

frostbite group showed no one sirgle dominating drive, indicating

"eitlher their greater heterogeneity in this respect or a general

asthenia in tha drive mechanism.

When cor-pard with the combat controls, the frostbite

"group showed a highur averae score on the ?orschach factor

labelled in this rcport as regativism, regativisn, in the

general neaninG of the term, referz to orats tendenr.y to oppose

-by though. cr action any effort on anot:.er's part to irflluence

one's behavior. r•.;u_4te obviously such a trait wouId seriously

penall-e any trainirk, and irdoctrination program, for the stronger

the psychological pressure brought to bear by such a progran, the

stronger the opposition that it wrad rmret. It was interesting

to note that while r.ot sienificant at an acceptable level, the

frostbite group also scored higher than the hospital contro-r Ath

relspect to this factor.

"F'nally, thr frostbite Eroup scor:d hi.gher thai did the

combat controls on the hypochorKiriuis scale of thp I-*PI. This

waz interpreted either as indicating a nor.neurotic concern

with a real i-;juri (frostbite), or ,u trar-sceAirng the real injury

09j .



"and being a reflection from sore facet of the basic,'personality.

A conparison of the hospital controls (who had approximately as much

reason to be concerned with real injuries as did the frostbite group)

with the combat controls saoved very little difference between these

two groups on the hypochonuriasis score. This would tend to show

that the frostbite group's high score in this variable was more

characteristic of the personalities of the group rather than of the

* ~injur.

Th-se were the findinst that wore statistically siZnificant.

Othor ro3ults, c.-lld suggestive in the last section, should not.

* be co.mplatoly ignored, but hcuild be recd into the picture with

- eytrc-r.3 caution and due rsco,:mition of tha spculative nature of

Wny picture so do%\,lopod.

"From the staticticaL 3y i•. :f.-n reoults obtaire in

this study one can d,-i; no picture of a cold injury perucr.Ality.

"In fact, tke study, as it v.9 plunnid and oxecuted provided no

Sbasii for ditferenta.tiirz bct:r.en uffects on the porsonality as

the result of cold iujury on one h'nd, ar4 peroonality traits

predioposing to cold injury, on the other. Therefore, it

* would appear that certain traits *eta to characterize the group

of "en who were froisbitten in contradistinction to the two

different controls.

V. I1Y•O... .DAT.O.4S

Future field studies of this nature should determine the

following:

70
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.1 1. Whether the significant results obtained in this

study are true psychological measures and not

artifacts of the testing procedure.

2. That the suggestive findings be investigated further,

even to designing instruments for the purpose of

uncovering and monsuring them specifically.

,o0
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APPUD31 I

Categories of Information Coflected in Social Histor7 Interview

2. Medical diagnosis (if subject is a patient)
3. Organization
4-. Rank
3 5. Arq Component

* 6. Age
"7. Race

-1 8. Religion
"9. HOS

2.0. Marital status
1i. State of residence

.. 22. !onths of .,;-r7ice prior to cold injury
-. 13. "*Ti ovor3s prior to cold injury

"34. D•ty•, of cxz.u prior to injury
- 2.15. T,1:, of actioni at tiuta of xoj re(=~r,Iat or noncertat,

"specific acotivity rccorIjd)
16. ETuip-.-!mt tornon feet
17. H1.tory of pr-.vlou'3 cold int4y or circiaitory d..^iculticos .
18. Dczrc* of c.'•jtr.:nt to mi.it=7 life
19. lauitcryI offun~nes20. Tiz. spent v of doors in rol•tion to jcb a hoby

":- 21, Zuicatican

22. School rAJwt.7-nt
23. Po..:cn for 1a7ing school
24. W~ork histL
25. Vedicol history

* 26. Pozition in f-amily constellation
27. EHo= envioronnt
28. Age of subject at tirw of separation, divorce, or death of parent

. .29. Dominant pori'onality in the bo=
30. Civilian offenses

702
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APE•EDIX II

Form.U3ed For Recording Psychiatric Interview Data

A. Identifying Information

1. Age 2. Rank 3. Race 4. Marital status
5. Unit

, 6. LeUnth of service prior to injury
7. Ti: in Korea
8. Method of induction.

B. Method of Injury

1. Duties at time
2. Tt-. ex-Fojed to cold
3. *Woather eor/itions
4. Drm-

a. i-Olvidual.
b. Ui.t bazIs
c. C-inion of preciutions

6. E£.idcnc-c of p ,i'.iition to cold injury
7. EvicThnzo of zo].f-inflletion
8. Attitt4e to:'"d frostbite
9. Method of relatit•i infoxt-ation

( .C. Morale

1. Unit -rale
2. Irdiv!qJu.--1?e morale
3. Ialitary disciplinary record

•.3
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APPENix nI(cont.)

Pre-Service History

I: A.. Family History

1. Broken home before 16 Years
a. Reason
b. Substitute parents

2. Parental attitudes
a. Mother
b. Father

3. Parental discipline
4* Attitude toward parents
5. Position in family
6. Relation with siblings

B. Pre-service Pereonality and Adjustment

1. General
a. Heaith
b. Cd .hood neurotic traits

2. Gengra•?ical area
3. Accidental injurios
4. School ,dJu-,tm-r.t

a. Gr4s finrLhed
b. Int*Crcets
C. e!iation3 with studnta a teacher,

5 5. Work adjunttzint
a. M=-tor of jobs
b. Pcuon for leaving

6. Civil~ian court record
7. Marital :djtmtent
B. Sexul adjustmnt
9. Eoticrial roactions

a. Ditposition
b. Anrossion
C. Hnlinr, of decisions
d. Rpaction to stress

10. Plans for future

C. Vaaowotor Responses

1. Sweating

a. HAnds
b. Feet

704"-... ........... ........ .......... . . ................
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APPEWMIX II (cont.)

"D. M.tent~al Status Zxinatkon

1. Manner
2. Speech
3. Ez.otional responses

4. Additional notes

E. Diaenostic Lmprension

. 7o5



APnEMmn in

S=fON A* Formulae for Determining Scoron Derived from the 1in3esota
llultiphasic .srorsality Inventory

1. Procedure for Determcnirg Code Type

a) Assign a number to each of the clinical scales as follows:

HS-1 Pd- 4 Pt -- 7
D -2 H -5 Sc-Ba

Pa-6 &a-9
b) Arrang+e the subJectts T-scores on the nine clinical scales

i n radc order fzco-,din& to •r.itude beeinning with the
highest ocoreo LiMt them by their num=rical equivalents
as given in "0. above.

* c) When this haa b'-on dc,.%, the first to figures of the re-
sulting ar.7rgE.ent of ntbors con-tituto the code typo
provided the - 11 th3 sC•.k3 represented by these
tWO fJ.gOc3 a-o beth 5! or £roazor. If either or both
of theia are l:s than 54, the subject Lms no code type.

2. The Fcer=.,2la for Welshoa Anxit3ty Index is:

,(D + Pt) - (Hse O)

in which the deoiAntions for tha various scales represent
the T-scores of the subi.ect on the mp-ntive scales.

*+ 3. The Fortula for Welsh'e Internalization Ratio is:

*~~ *e Pt
HBy Pa + Ma

L

in which the desidnations for the various scales represent
the T-scores of the subject on the respective scales.
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APPENDIX III (cont.)

SECTIOr B. Sentence Completion Scoring Guide (1Nurbers in parenthesis
are the numbers of the sentences in the test which are
used for measuring the characteristic rm.ed).

DRIVES

(2, 7, 17, 29, 37, 52, 74, 83) •

a. Omission
,j b. Unclear

c. Pas3ive dependence - - - being supported by another
d. Love affiliation - - - - to be with or be loved by another,

or to bo socially accepted; not involving
sex or sex object

e. Prestige, achievement,
doainance -------- perfon.ance or position leading to

rescect or aedration from others
or acceptar.ce of one's authority
by others

f. 1!3alth - - ---- ------- for health or physical well being
e. Escape -------------- conscl.ou3 or unconscious flight.

frc2a envirornent or 3ituations
(not .pemon3)

h. Independence------ fr-oedcm of control or support by others
i. Econoraic - ------ - -- calth, monay, income
j. -x -------------- sp.o:al contact or gratificat..on, or

affiliation with love object
/

I':17R jOi'AL FIGURES
Attitude toward fatler: ( 9, 16, 3, 70, 8)

Attitude to?.ard .oth,.r: (20, 35, 60, 76, 94)
Attitude towart people: (15, 38, 49, 66, e4
Attitude toward authority: (23, 36, 73, 77, 91)

a. Onilssiod
b. Unclear
c. rP'.ection, hootility - - active or pi-zslve
d. Acceptance, co:.pliance - - love, dependency, -.ecurity
e. Anxiety, fear, ir-:;ccurity

700 % V."
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,PPENIX III (cont.)

DEPRESSION - L'flIET

Causes of depression: (12, 145, 64., 97, lO00

Cause~s of arciety: 8, 4.7, 56, 79,87

a. Ocissimn
b. Unclear
c. Failure or !1*ck of achiavwrint
d. 1oss Of love or rejection by' love objects,

including sex
so Social disapproval
f, Sealth ------------ including pbysical injury hospi-

talization or 3siMknSS. (Fr
anxiety scale, code mzAer "h"
itf an ob ject in mentioned ardth
injury is not. m-ntione1; code
here if sp-cific injur or
sick.AosS is wsntioned.)

S. ecss of itrieper4once
h. For aw-duty scale --- -- ---- physical objects real or imn5.nary;

ph"-ieal atoitea (Outsic-e the W.7r'y
such as dArkr.:ss). A ti.tr3 d
which a pholbia could be dc-l.j-Act.

i. -For depr-ssion scala-----guilt, uhahn none of the above

IV

S=JEE OF GUITh

a., 0.ission
b. Urnclear

c.Authorit~i figures
dc. Others
e. Self

V

REACTIOU1 TO P.C iRZ9310

(22, 42, 51, 72, CO)

a. 7d-s~ion

b. Unclear
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_______________ 
- - r

AppEMDU III (cant.)

c. Acceptance
d, Counterattack

e, Escape

to Passive emotioral reaction - - - Irying, fleling of rejection

la

.. CTIOI1 TO FAnIImU

(3, 25, 1, 48, 63)

0. Acceptanc - without r3-striving or notice-
able h rm .od ch~e 

"

d. Akrccsion or hostility -.-.. with or vAithout re-strivlmg
or r.ood change -7 "

-. -----tr!---n- without v8gression

, 'a-tiva mýod chtrlo not
includ-. in thV abovo - including guilt, arcdety,

dopr3!sion,, etc.

,N%
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4 ~TAELE I

HISTORY OF SMIOUS III.lESSES (Interview-Initial-Measure)
" Number of cases in Group 1M, 1, and 2 falling

in each category listed below

11 1 2
Group Study Study Hosp.

No-pro White White

Total No. Cases 25 26 20
"No data 0 1 1
Illness of 1-3 months 6 5 2
Illness of 4- 6  " 1 0 1
Illness of 6-12 " 0 .2 2
Illness over.12 " 0 2 0
No 0LUnes: 18 16 14

TADIZ 2

HIS7RY OF !, .'f .-- ACCIDENTS (Inter, iew-Initial-Measure)
1i"Nwber of case!s in Group 1H, 1, end 2 fallirng

in each category listed below

IN " 1 2
Study Study Hosp.

..1 _ac.i•t [V._. .it

"Total No. Cases 25 26 20
No dAta 0 1 0
"One accident 8 5

41 Two accidents 3 10 2Three accidents 2 1 2

Four accidents 1 2 1
Five accidents 0 0 0
Six or more accidents 0 1 1
"No accidents 11 6 10
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TAMZ 3

ATTIUD TO#IARO flU=E AND/OR ACCIDMITS OTIM tHAI CO=
DMJURY (Interview-.Initial4Measure)

Number of cases in Group 1N, 1, and 2 falling
in each category listed below

Group Study Study IHoop.

if Ttal, No. Cases i25 26..20
No data 1 0 0
No concern j12j 13
Some concern 1 21

-serIous cocern~f 0 1 130

TABIZ 4

* RE&CTICM TO COLD DIJURY (Intei-vloýý.Titial-.Theasure)
X%='ber of cases in Croup 1N, 1, and 2 fallin

*in each category listed below

I N j 1 2
Groou p I~ d Std Hop

v,_k;'ra Llla -it

c:-nre-i cof t'~c~'~~~ _____ 12 0

No c::zxa. s t ;.on zm no coaic'rn
_________ I 12 ... 7. 0

No e~prossicn of i~::1iif i.-.th con~cern over
~ (:(jT ! rernt"ront)_ 1 1 0

crr.r,-~rn o:.*-r flt~r' c 1 0 0
Sti "n -- r.nt-o- e v4 .nt c cocri~rn over
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TABLE 5

EVIDIVCE OF PREDISPOSITION TO COLD INJL.RT (Interview-Initial-Measure)
Nwnber of cases in Group IN, 1, and 2 falling

in each category listed below

t. 1N 1 2
Group Study Study Hosp.

_ _e__ro White J White

Tctal No. Cases 25 26 20

I on' -ta 1.~-- - 0*- - U--
"" 'Mvious cold Iiijury one or--

more times 6 2 2

.. TABLE 6

" EVIDENCE OF SELS-IR.FLICTD) COLD INMJURY (IntervIew-Initial-Measure)
Iunlber of cases in Group 1N, 1, and 2 falling

in each category listed below

• lHz: 1. 2

Group Study Study Hosp.
!'tA~ro W'i!t~c Wh~ite

Total No. Cases 25 26 20
No data 0 C 0
N Onr 24 25 20
Suggestive 0 1 0

Posibility suspected 0 0 0
SDefinite indications 0 0 0

Adt.Issions of intent 0 0 1 0
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TABLZ 7

"REACTION TO SMRESS (Clinical-Evaluation-Indtial-Meaeure)
Nuqmber of cases in Group IN, 1, and 2 falling

in each category listed below

2SIi 1 2

Group Study study Hosp.
_"_"_ _ leo]- 1.i1te j hite

Total No. Cases 25 26 20SNo data 0 0 0

Very low threshold tolerance 3 2 2SLow tolerznce; avoidance of stress 17 12 9 '

Yoderate degree of tolerance 5 U
Strong decre* of tolerance 0 1 0
;VeZ *tro,, de•-ree of tolerance 0, 0 1

TABLE 8

ATTITUJ! TWfARD fIIJCTION (Ina rievw-TnitIlmd-!easure)
Nuaber of casos in Group IN, I, vnd 2 falling

in each catercry lieted belov

/- -

IN i 2
Group Study Study Houp.

rI, ,'.11tte :'"nite

Totftl fo. Cinea .6 20
,;o !.•ta .10o 0 o

liegtive; No state.am.t that it was
fair 3 4 1

'Acceptance (Lut still njegt~ive); I
vith ntatc-nmt - it was fair ,11 , 8 a

Po-itive" accont~nce 3 2
Volunteered for opportunity or as

career 1 - 8 6
Voluntecýrid P.s flight .ron e 4 -, - I _

None of the above 0 0_ 0
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TABLE 9

ATTrIPDE TOWARD ASSICGMT TO KCLFA (Interview-Initial-Yleasure)
Number of cases in Group 111, 1, and 2 falling

in each category listed below

f m 1 2
Group Sdy Study Hosp.

Total No. Cases 25 26 20
No data 0 1 0
Good now, initial acceptance 6 9 6
Good now, initial rejection 2 1 4
Fair now, initial acceptance 8 8 7
Fair now, initial rejection 5 3 1
Poor now, initial acceptance 2 2 1

'Poor no•. initial re.lction .2 2 2 1

TAIL 10

C(XIPLL•EIAU WITH COLD W-I•ET TPRIA2!ING (Interview-Initial-Measure)
164-ber of cases in Group 11I, 1, and 2 falling

in each category listed below

fIN 1 2
"" Group Stuly Study l1osp.

._____,_ e~o_ white WMiite

Total 11o. 01"'s .... 26 20
V'o da•ta -- 1 3 3

Reascrable precautionary
r.e-osres .. 7 14

Failure to follow inntruc-
tions duo to l.ck of equip-
m;nt or tha l-7ý9 7 9 1

Failure to follc-q instruc-
tions even th=?ýh equip-
ment available and nothing
hiner .....6 0

.717 . . .. . .
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TAM IITAN.Z U2

HM BACKGRO (Interview-Initial-Measure)
Number of cases in Group.U, 1, and 2 faling

in each category listed below

Group Study Study Hosp.
..... . • ... hte. White

o. Ctcis , j 26
""0 0 0 0

Frcntos saparated b-afora sub-

P.rcnts s5pazratcd aftar vub-

TAtZ 12

Um.bor of ".ses in Grctip 1H, 1, ni 2z falling
in each eata~or-" luste- bolow

IN ~1 2Group Study Study Hoep.

"Total 1o. Cases 25 26 20
No data 0 0 0
?!•r.Adly nontTp•.31ve 3 0 3
Avcrage kcpult7iity 89 6
Falrly stroi-aZ,1y impulsive 10 13 7
VI 4 4~

718
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TAMS 13

Dd-PJrTh1I1CY (Cl-nical.-Evaluatiorn..Initial4-,easur.)
Knimber of cases Lin Group IN, 1, and 2 falling

In each category listed below

Group 1 Stad Stud Hoop.

Total No. Cases 25 26 20

MAarkedly depom~tnt 12 6 9
Avorn-o d-ipnn:!ant-Independcnt 13 is 180
I Mi'kr:lv i 'c.-eren 0 L ~ 2 1

TA232 14

I4C!G I:Z~ ýG:, fl1TJ C? S ý'&TIC FRZCCLWATION r

XL'tbcr of c;.;;.i 1i C;-o'. IN, 1, and 2 failing
* in enchi cateZoxr7 1iuted below

Group S'vjSi~~ ~ sr.
* I ~:~ ~'-ii~j .'~ve

Total No. C~ace3 25 26 20
No data 0 0 0
Abnent 19 2]. 16
To mild deeree 4 3 2
To rkd e 2 2 2



TAM& 15

A~TXTU TOWARD FATHMI (Clincal-~Evaluatior.-Initia-Measure)
Nu~ber of cases In Group 1N, 1, and 2 tailing

In each category listed below

vGraup Study P td oop.
0 YhtoI ~te 1V,,te

__________ 252 20
y:,_ C~ a 0 0

!1il'-E~tioai h~ztilty (active or

10 -0

M.~ ctv -0 0 0 0 '--

?AMZ 16

Ai'rrruo TOVUD m z MTIL2 c-~~uto-ntv.! sure)
N~ab-r of ca!:-t In Groý,p IN, 1, crz. -2 failing

In eac~i imati~ory lU'Me below

Group Stll -t4 mp

20

ho, tdliLy (activa or - j-
A.C t [..a13 19 ___
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TABLE 17

ATTITD TOWARD SIBLINGS (Clinica1L-Evaluatfl~z.Titia4 HOasaur6)
Nunber of cases in Group 1N, 1, and 2 falling

in each category listed below~

Group Study Study Hasp.
_____________Negro___ Whit White

-- °-

Total No. Cases 250 26

No data 0 00

Unclear 20 13__

Rejection hostility (active or
___ ___ ___ 1 1 2

rA-nxet 0 0 1 0

- -.

TAME 18 "

ATTITUDE TVdA=D AUTHRITY (ClinicaLlrvaluatiOfnInitial-easerO)
Nuner of cases in Group 1N, 1, and 2 falling

in each category listed below-

I i 1 2
Group Study Study Hosp.

Total No. Cases .2 26 20 __-

110 data 0~ 0 0
"Unclear, ,. 5. 3

Rejection hostility (active or

passive) 13 7

Acceatance 9.. .. , 3.0

Anxiety 00 0 1
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TAEL- 19

FDMsONALrff ADJUSTHT (Clinzcal-E,'aluation-Initial-ieasure)
Number of cases in Group IN, 1, and 2 falling

in each category listed below

N16 1 2 P.

troup Study Study Hoap.
_ IIIII_ _iNezro White White

Total No. Cases 25 26 20
No data 0 0 0
Normal 5 12. 8-
Neurotic personality 3 2 7 " P
suggested neurosis within the nor-

mal rwige of adjustment 2 1 1
Overt neurosis 0 2
Fatholoical p-rsona.. 3 1 1"
Latcnt or ovwl t ' chosis 1 1 0

$Piychiatric disorder of an organic
__eac;tion typ 0 2 0 I

I.r.Aturity reoction 8 6 1

TABLE 20

DIAGI'OSTIC CATEGOR; APM CLASSIFICATION CODE NRIM
(Clinical-Evaluation-Initial-.4easure)

Number of cases in Group VM, 1, and 2 falling
in each category li'sted below

Am in 1 2
Group Code Study Study _ _3p.

No._ Tle.ro W'.hite _______

Total No. Cases .25 26 20
orma0000 10 16 16

Schizoohrenic reaction simpleW 3000 0 1 0-.

Schizohr_ ic reaction latent 01 0 0
r1eation 3100 1 0 1

Neirntic dsor- sive re-ctionr 23140 2 0 1.
bchizoid personality n2CO 3 .1 1•;o~~n1 n•;•ilEreaction 72.10 1' 2 0 '-.-

PA~sive dnno'r~ency eaction 321,- 4 1 1
Par a•,'!•ive rea2ction 3212 -3 0

Mental disorder with structural
I chang.e in brain 13041 0 2 0 .
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TABLE 21

HOSTILITY (Clinical-Evaluation-Initial-Neasure) 0

Number of cases in Group 111, 1, and 2 falling
in each category listed below

. Group Study Stud~y Hosp 0
________________________ etr 'Wite White

Total No. Cases 25 26 20
No data 1 0 0
Normal 5 4 7
Strong toward others 10 17 6 S
Strong toward self 2 3 3
Strong towmrd others and self L 2 .

TABLE 22

MEAN SCORES ON THE WECH1L-EILVUE ITh7ILLIGMCE SCALE - FORM I
(Tetst-Initlal-Y.easure)

1H 1 2 3
Group L'tudy Study lHosp. Comb.

! ev~o 11,"ite U.hite Vhte.
-- ~ ---.----..

Full vcale IQ (based on 11 sub tests) 81.56 96.50 97.60 97.94
Verbal scale IQ (based on 6 sub tests) 82.72 92.38 94.80 96.10
Performance scale IQ 83.16 93.12 01.00 100.55
Full scale weighted score 72.2 92.1 94.8 95.4
Verbal weighted score 33.2 43.4 43.1 44.2 0
Perforvance weighted score 39.0 48.7 51.8 51.3
Information weighted score 6.7 9.0 9.5 8.9
Comprehension weighted score 7.4 10.4 9.6 10.2
Digit span weighted score 6.4 6.5 7.6 7.8
Arithmetic weighted score 6.1 8.5 8.1 6.6
Similarities weighted score 6.5 9.0 8.5 9.0
Vocabulary weighted score 5.8 8.1 8.4 7.7
Picture arrangemint weighted score 7.4 10.0 9.3 10.4
Picture comprehension weighted score 8.3 9.6 10.6 9.9
Block design weighted score 6.8 9.2 U.3 10.9
Object assembly weighted score 9.8 10.4 11.2 U.3
Digit symbol weighted score ---. .6.6 9.3 9.4 8.8 .
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TAMZ 23

WECHSL~t-E..LEVUE TEST. VERMA SCALE MINUS PMIFORMANCE SCALE
(Test-Initial-Measure)

Num~ber of cases in Groups 1N, 1, 2, and- fallin~g
In each category listed below

1111 213
Croup Study.j Stud.* Hosp. Comb.

Negro IWhite 'White IWhite

Total No. Cases 25 j26 20 51
No data 0 0 0

36or more 0 0 0
26 to 35 0 12 1 0
16 to25 2 1 0 3 S
6 to 15 7 6 1
5 to -5 a 5 6 15

-6to "15 5 6 7 14
-16 to -25 3 3 .5 8
-26 to -35 0 3 0 2
= 36 or more negative 1 0 1 0 0 11

TABLE 24 4

STRIONGESr DRIVE OF SUPJECr*i SEIMICE C LETION1 TES'
(Test-Initial-Measure)

Number of cases in Groups 1N, 1, 2, and 3 falling
-in each category listed below

Group JStudy jStudy jHosp. Comb.
____ jro jWhite White White

Total Nlo. Cases 25 26 20 51
0aitted 0 0 0 0
Unclear 9 10 6 16
Pas'sive detvendence 2 2 0 0
Love affiliation 3 5 3 10
Prestige 4 6 10
Health 0 0 0 0
Escape 5 3 1 13
Independen.ce 0 1 0 2

Econo.-ic 0 0 0 1
Sex 1 1 2- 2
*If the subject exhiibited two drives, both of which were
"fstrongest"? ari of equal streng-th both were tabulated. As
a result the su= of the frequencies for the several drives
is greater than the nwnber of individuals.
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TABLE 25

REACTION TO FATHER, SENT7 ,E COMPLETION TEST
(Test-Initial-Measure)

Number of cases in Grou-is IN, 1, 2 and 3 falling
in each category listed below

I N-- 2 3
Group Study Study Hoso. Comb.

... e White White White

Total No. Cases 25 26 20 51
Omitted 0 0 0 0
Unclear 9 6 3 14
Rejection 1 0 0 3
Acceptance 15 20 17 34
Anxiety 0 0 0 0

TAMZ 26

REACTION TO ROTHPA, STEM.CE CC.•PTISION TEST
(Test.-nitial-Heasure)

Ngumber of cases in Groups 31., 1, 2 and 3 falling
in each categor-y listed below

IN 1 2 3
Group Study Study Hosp. Comb.

fle.ro .rnte Fhnite White

Total No. Cases 25 26 20 51
Omitted 0 0 1 0
Unclear a 4 5 5
Rejection 0 0 0 1
Accoptance 17 22 14 45
Anxiety 1 0 0 0 0

725
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TABM 27

REACTIO To PEoPLE, sumn~C COIPLEIOm TES
(Test.-Initial-Measure)

Number of cases in Groups 1N, 1, 2 and 3 falling
in each category listed below

INU 2 3
Group study jStudy Hosp. Comb.

Heg: L White White White

Total No. Cases 25 26 20 5
0 Oitted 00 0

Unclear14. 2

Rejection31 0
Acceptance 1 0 1

TAWL IS

mcro~ TOAUhOITY, If1CE CM{PLETION TEST

Number of cases in Groups 1N, 1,2 and 3 falling
In each categoy7 listed below

Grou Std Study Posp. Comnb.

Total No. Cad 25 220 51
Omiitted 0 0f 0 __0

Unclear 10 17' 17
Rejection 1 9 75 19
Acceptance j 6 715
Anxiety 0 0___ 0 1__ 0
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TAMEZ 29

DOMINANT R•ACTION TO FATER, MOTHER, PEOPLE AND AUTHMORIT
SENTrECZE COWPLrTION TEST (Test-Initial-Neasure)

Number of cases in Groups 12i, 1, 2 and 3 falling
in each category listed below

12 3
Group StUdy Study Hosp. Caob.

&U.0 White White White

Total No. Cases 25 26 20 51
Omitted 0 0 0 0
Unclear I10 9 7 13
Rejection 1 0 0 3
Acceptance 14 17 13 35
,Anxiety 1 0 0 0 0

TABLE 30

FACTOR OR SITUATION WHICH CAUSM THE SUBJECT TO BE DE2PESSED
MR,•JCE C Ln'ET!ON TEST (Test-Initial-Measure)

Number of cases in Groups IN 1, 2 and 3 falling
in each category listed below

1N 1 3
Group Study .Study Hosp. Comb.

,•r1o Whlite ,nite White

Total No. Cases 25 26 20 56
Omitted 0 0 1 0
Unclear 22 23 13 36
Failure 0 1 2 5
Loss of love 3 2 4 10
Social disapproval 0 0 0 0
Health 0 0 0 0
Loss of independence 0 0 0 0
Guilt feelings 0 0 0 0
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TAMS 33.

FACTOR OR SITUATION WHICH CAUSES THE SUBJECTO EV MM~CZ A==E
=7J1Y.CS MOM1f011 TM~S (Test-Initial-Measure)

Num-ber of cases in Groups IN 1, 2 arid 3 faling
in each category l1Y3Qe below

IN 1 2 3
GopStudy Study Hoap. Comb.

Total goa. Cases 25 26 20 3
O-zItted0000
Unclear 23 26 18is ~
Failure 0 0 1 2
Social disapproval 0 0 0 0
Health 0 0 0 2
Leoa of ind,).pondo-vnce 0 0 0 0
Loss of love 2 0 1 2
r*r~ ", jcs - 0

TABIB 32

CAtYC? rMI1ItUL ORJ: 0 IS W.ZD BY TH3- VTj3JOr -- I

GMiT F;,LID;GsPV3A.U53 M~ VtrUP3 l CU _z~4.r, C;n:o:* 41- 1X ME10.1 T=1'0

gu-zber of catsoo in C-"rotp3 V1, 1, 2 end 3 falling
In each cate~ory listed below

fiN 1 1 213
Group Study jStudy Hoep. Cczlb.

I,'r'Iro 1I11te [ M~te I 7'1ts)

Total No. Cases 25 26 20 51
C-Ditted I) 0 0 0
No 31n7,le type of individual1 10 15 10 26
Authoirity flvures I 0 0 0 1
C#.er 5 2 5 - 6
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n-TO OF TM SUC IN ...IS TO A.. OF AGG..IO K& GIS-

2 I

Gru Stud Suy oo.Cob

I T ol bNo ofCases 25Gopsi,1 26n 30 51i7

C.-Itted 0 0 0 0
V tze1nar 11 15 5 26
Accartz.nc 2 3 6 10

* IC~strattackc 2 2 0
I..2 1 0 1

I v -~i rP.-ct~cn 10 5... 14

TANSZ 34'

- ~Nv:1or of c~asC Li C~~i',1, 2 crzd 3 falling
in ec'C'1 cn.e-.z7 listed boo

IN - -

Group S'tj Mild H':P cb
I Ito ~-~t~ Mtqo

T- '~ O. r'- ________ _ 1251 6 j 20 5.

9 23

F-10 10_7_i
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TAEB 35

)MP SCALZ ON1 WHICH THE =MEJ ! KMA HIS HiIGH=T T-SC0R!
MD~0TAMULIP{ASC PSOAL~ ..4Erony (To ntInitial-measure)

* Umber ofcases in Groups IN, 1, 2and 3falling
in ea~ch category listed below

1 21 3

Group. Study IStuxly IHeap. IC~ub.
________________ fle-ro T11hte__-rhite J lite

Total No. Cases 25 26 20 51

?pcodiss (Hd) 33;
6-pr;:hz-hion (D) 3 1 3 2 3

*If t!ht3 j: an eiia11y hQ!h ceorsi on tb-3 two cc.-dos In whidch
ba V tcX ba'. -"-' h are listed as !,.-co t~che ri-.b r of

Tz, vcl2t2.3 ;%.r.3 obtairvd by, rafereonea to tho 1-"-3 mmiil.

TAPT.536

Vtý5-r of c-vtas Lz. CGrouna 1:1, 1, 2 &'.,d 3 falling"
in each cate-,or7 listed balow

lN 2

GroupI '' -'*

Toa 1.Ccs15 25 3A8 50
*~rrsi cale 67.3 60.6 56.0 54.0

D?-rc:ýsion zcale 62.1 55.0 57.3 53.9
F75ttr!L~ ee-JAa 60.5 55.7 57.8 53.5

'%~.nt-:iitAyscale 509.6 51.2 49.1 52.8
F~'~ ~rL 6.6 49.3 49.4 50.8

nzzt.iia rle 66.0 57.8 59.2 56.1
~-:<-ra 3cale 61M. 53 4 61 8 57.6

s 'cale 64.2 53: 586 39.6
In d~yTdex 63o7 54.3 583 5.

o1r~ refre'?Irce to the, .- j- e:' c or-. on
~J~,.'nx.!.~y lrxi',,x and 'Winh Lht'ernalizaticn ,~Alo k-ach axre raw

sco-.s.
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TAMLE 37

CODE TYPE, MMMSOTA MULTIPHASIC PERSONALITM INVDMTORY
(Test-Irdtial-Heaaure)

I i~l 2 3Z=~ 1kN 1 2iLGroup Study Study Hosp. Cmbo
---- Nsqr Vhte V.nOfte Vhtte

Total No. Cases 15 25 18 50
None of the following 2 5 1 16
Type 12 or 21 1 3 0 1
Type 23 or 32 0 . 0 1 1
Ty" 27 or 72 1 1 1 3
,Tye 23 or 82 0 1 1 1

STypc 31 or 13 1 2 3 0
Tyrp 14or 64 0 1 0 0
TyEa 3 or 86 0 0 0 2
7T.n p-73 or67 3 0 1 2
Tyr 49 or 94 * 1 1a 8L

1,•3 or 81 3 1 0 1
T1-j. 4' or 34 1 0 2 1
T.~Ir391 or19 1 2 0 3

.1 319 or 93 0 1 1 0
STy." 79 or 97 0 1 0 3

1 o 9 3 1 2 4 3
14 or 41 0 1 0 3

T$- ý.14 or 1:2 0 0 1 2
0~____ 0 1- 0

TAMSL33

•'•,,..r. ... HI•J.U.'•:PI T-SD^,?, AEM'E 70* (abnorxal)

•. T.A :.L .•T '.SC ?2- M..'•ITY IVY:IT¢¶ (Test-Lnitial-4!easure)

IN 1 2 3
Group Study Study P!osp. Comb.

iTotal N;o. Cases 25 26 20 51
Test inva lid 10 1 2 1

(1y)1cho1driasl s (Hs) 5 1 1 6
DOpression (D) 1 1 1 2

Oy) 1 1 0 0
P.,yc..opthic dcvliate (PdI) 0 0 2 5

SInt..-Ost (I/I). 0 1 0 1
SP.armola (Pa) 0 1 0 3

Fzych-.-thenIa (Pt) 2 0 0 2
5chtzophr'enia (Sc) 3 1 2 5

______ 2 I 2 92 .
*If thi suojtect :.,le an equially high score on the two sc~les in

w.hich he ,• • ; -ai.h.-zt, both are listed; no scores below 70 listed.

. . .. . ... 7........
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.,MN RORSCPA•• SOORESS, f AND M
P"SCORES MUNSS OrHZOdISE TDMICATED*)

RCRACHR TEST (Teot-Initial-Reazure)

"Number of cases in Groups IN, 1# 2 and 3 falling
in- each category listed below

Groip.Study Study Ccmb

Toa Vo Case .7 2 20 _________

Do)•. If.o 12.__ 15.8.

.7.

11J.5 2.2 1 2
S.. 4. . e2

_____ ______.________I

*-_ _ _ _ _ __ __ _. - L-••-.-

________________ I 12 1 i.L .1. *

", iA.__....__.-___- . 7 -). .Ij *.Q__

G9. .( 1.2~ ~ l 7

-tI'.:-t 2.4 2 •2

* . of ___ ___ 1 9:,; 23.1

F II FrccdcI frcz P•.itory
(K 1,3.9 .. 9.252.0 50.4

i'vtr10C G-- p.i TiiV ~ 3(D, d'
e1!~, M2 Q ~ 50.2

* .. v.:. .._. r2:?c 116.... .

*T.-core se•_e ba:eA on the distributlon of scores in the combat con-
trol group (Group 3)

7 3
** .a

S7•. . . . ...... . .~~~~~ ~~ . .- .. .. .. ".. .:.: : -:-. :...":'.:.:":'-
S. . . *. *. * . .. .. .. . ,. ..-.- - .*. . *.. ... ., .. . . . . . -, - , . . - • ,. . . . £ .
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TABIS 40 I

MH ACKIATIC IJUUS I-EX. COlIATIC REACTIO TUXh OE THE OORSCHACH MEST
(Test-Initial-Neasure)

Pumber of cases in Group 11, 1, 2 and 3 fallina
in each category listed below

1 2 3
Group Stud.y Study Hosp. Comb.

,Negro M te White White

Total No. Cases 25 26 20 51
30 or more seconds 3 1 0 6
20 to 29 seconds 0 0 1 2
10 to 19 seconds 3 1 1 6
I to 9 seconds 7 6 3 11
Zero 2 2 0 0
-1 to -9 seconds 7 8 8 9

-20 to -29 seconds 2 2 2 3
-30 or more (negative)seconds I I I1

TASLE 41

DEMPMEJ:CT, TIMATIC APPZICEPTIO:; TEST
( Test -lnit iall-:-zes ure)

.umber of cases in Groups V:, 1, 2 And 3 falling
Ln each category listed below

I 1 I 2 3
Group Study Study Hosp. Cob.

Nezro white hite White
4 .. .

Total No. Cases 25 26 20 51
I1o indication of dependency 2 1 0 0
Markedly dependent 6 4 4 7
Average dependency 17 21I 15 44
Markedly independent 0 0 1 0

733-. . - . . - = .V..¶.a * at. *. a*.*.*. Ata * AAV * ... .. . . i. .. C A.. * .s ... ~ *...
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TABLS 42

ThPULIVIT, TMIATIC APPERCEPTIMI TM31
('rest-Initial-Measure)

Numiber of cases in Groups IN, 1, 2 and 3 falling
in each category listed below

I N 121L,
* Group Study IStudy IHonsp. IComzb.

ffk-ro 11'ilte I3 " i~t q v1to L

Total No. Cases 25 26 2D 51
No indication of impulsivity 2 0 0 0 C
YKarked],y nonitipulsiv's 0 0 0 1
Average impulsivity 1 s 1

XKArkre-ly inmiulsive -

TA=Z 43

MMOSTIl, MIMrAIC JAM.-MCinTTIC T=r
(To t-Bitial-',cisure)

*Number of cases In Gro~ups iL'1,,2and 3 fallinrg
in each cateeo-y listed below

1 2N 1 2 3
Group St j St''dvy I p Cob.

P-.!,70 1.1q

T,)t.l Vo. C'3"-n 25 2j20

r.r-a'rof hr ýLility 15 8~... . 21

0Lr oiity te.'-'rds self,
rot te?-.'-39 _rtý!"r3 0 0 0 2

Strcn3? ho.-UIDty tcward3 self
~jrd othiars 2 2 2
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74 years 6itia4 e 5 11

9-10 years o ae nGop 10J 6~ 1 n 3fll
in-1 eaarh 7a~ r lite bel19

1- easclee1? 1 1 3-

3-4 years clee0 0 0 0

1 or 3rr 11,r3

1vt0

* ..- ~~.- T 35 ...
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A BACTMIOLGICAL, M•fCOLCGICAL AMD PATHOLOGICAL
EVALUATION OF F=~TBITE INJUflIE

I

I. INTZODUCTION

A study of the bacteriology and patholoZy of frostbite was can-

ducted at the Osaka Arc Hospital, Osaka, Japan, during as winter

1915-52. In spite of the fact that clinical mwnagemant of frostbite

patients included intensive antibiotic thorapy and local antisepois

it ws of interoet to detonexin, th- tactariological status of their

w-ounds. 7he bactoriological arAd zycoloicwal stnu consinted of 2%"

cul1tures of rmaterira frcai le~sio"e of 104 soldiers hospitali-ed with

frostbite munds. Tho acui-ce of 191 bacterial and 105 ftni cultures.

is proccanted in Tables 1 and 2.

TOF 19 1

DIS'~IT. ••:.bO.N 0? 191 F.'.-.i:+L L.¶.Ji".' .':---Z''''( .?

130 L2i¢*++S I1.3 6 ,1, C.V' CY ....... D"."C-
CO.-DAZ11 tDZJ Am 1-1L OF 0? ilutn

.,ber or Culturce

Degrae of ?.'i ibcr of Nz'ber of 0-ilft~d

First -1- -

Second 29 42 24 2 506
Third 35 50 16 56 72
Fourth 24 38 11 8 69

Total 88 1i0 51 340 191

II. g . .

A. Bacteriology and ý1ycolo; "

Of the 191 cultures for bacteria, 9W were negative and

738
S. . . +. . . ... ., .. - . + . . . , , . . . ., . . . ..- , -
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TAM3E 2

4 DIS7RIBUTION OF 106 FUM3CAL CULTURES FMK
104 LESIONS IN 102 CASES OF FROS'BITE
ACCMDI1Z TO DEGREE AND SITE OF .ITlJUf

Number of Cultures
Degree of ';X-.-ber of Ihmber of Cc.-ole e
Frostbite Ptients .Lesions Fands Fe. F.iAr Total

First 2 2 - 2 - 2
Second 38 39 15 25 1 41
Third 37 37 6 31 - 37
Fourth 25 26 3 23 - 26

Total 102 104 24 81 1 106

94 wre positive. 1he distribution of the findings in

accerd-a-ce with doerec and site of injury is ahown in

Table 3- Ti;'cvo types of bacteria were isolhted frcm

har and foot lesions of ptients with eYver-.1 dcgrces

of frostbite. N on-hz•olytic staphylococci were the rost

"". €ec-•a orgpis-m in the lesions, app arine in 52 out of

140 cultures or 37.1% (Table 14 Inspectiocn of the culture data

revealed that no single type of organizm predniriated for

are degree or 3ite of injury. The proportion of positive

cul t%--eo azor.- the various degrees of cold infjw-y indicated

that the incidence of infection of fcu-th degree lesicr3

was hi'.st, that of third degree lesicns next, and seccrd

degr-ee inaries possessed the lowest inzidence. The

orgzaz-..r cultured from the vesicles a-.:d open lesions caused

-' "':-"'-:-"-- `••--•:.:.••:-:•:-.•::••-::• : ```:`<••`;• •: :••-`••`•``739:••



_ _L _ _3 _ ___

DI--TO OF -WTI AN IOAI MW MR.- BACTMU 3N---. ---

19 EMdI CMU4 TT M FFD
Ien brC~ua nAcre!,c ihM fL0oI.of

191 29~~5I AiU22C 1T EL FFOf3T
Toa 68 7 7I4 4.

De~~~~reo~AM 4 ibrI PAr1~iu's~iAc~~neiih~t3O 'so
TYE OF J cm oV ;.0 T ? . -

* Secord 0 16, 45 7 3520.

Total 992 J22f

r~acillus einbti-Isi 9 7 16

c.',a.j1~ks Fositive 12 3 15
Paracolcn b~cilli 6 2 a
Strorc~~'lcccci, b-ýta-hrrolytio 2 1. 3
Coryre'"acterit-i xi r.,eis 2 - 2
Alcall-ems~ faccalie - 11

* ~~Proteus morgar - 1
Zscherichia fr~vnd~i 1 -

pcbierichia ~th--cred~in= J 1
Streptococcu.n, non-humolytic J 1 -1

Total ice 31 14&*

*Inc-ludes one culture with site not recorded.

740
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- ,by cold injur7 were not those generallv conSidered

"- pathogenic in the majority of instances. Because of

their common occurrence their presence could be expected

•"as secondary invaders of open cutaneous lesions. The high

...... •incidence in the more severe degrees of cold injury can

• I be readily explained by the longer course of the lesions

"with longer exposure to, and greater chance of, invasion

. "( by secoridry co€•tainants.

*- .. Serial cultures were mode of 42 lesions, the time between

aultures varying froz 1 to 19 days. Lighteen of these

" +series recained positive over a period of time averaging

4 days. Infection of sterile vesicles following aspiration

j . !occurred in 26 series. Thcee findings Indicated that

". .aspiration of non-infected vesicles w-as folloured by secondary

. f infection in a large naw-ber of cases and the application

"of routine antise;itc arnd antibiotic men.suroo could not

prevent such contamination in mny instances. This further
• + •+supports the doctrine that a11 vesicoles and b.l.ao shoul

"be kept intact and not debrided' in order to prevent in-

'S fection and subsequent delay in healing of lesions.

"Of the 106 cultures for fungi made from frostbite lesions,

96 were negative and nine were positive for pathogenic

fungi. Seven cultures of Trichophyton mentagroph1 te,

one of Trichophyton rubrmu and one of Trichophyton

suifureun were obtained. All positive cultures were frus

the feet.

,:~ : ."",. . .. .. , * - . . .:.* * - * * ~ .
" .Q
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It %s concluded frc the findings that bacterial

and fungal Iýfections were of little significance in

• these frostbite lesions. Wet gangrene of the lesions

was a rarity among the frostbite patients. It should be

auqpasized however, that these patients were receiving

intensive daily antibiotic therapy and daily local treat-

Aent of injured parts.

B. Pathology

The study of the pathology of frostbite injuries vs made

on 13 specinens frca 11 patients. These tissue specimens

had been dpmcd by cold and consisted of two major types

of ditcascd tissues, nunely, ný%ren"r's parts and chronic

ulcerations.

In the cesas cf chronic ulcerat.cn, the ulcer I .ds were

msde up of dense chronic in_.IT-atory ti-e!uc in vrious,

generally advanced, states of orgtxdz.tion end cicatrization.

In the cases of ga•rgrno, the ep.3rcnaas tissue uas separated

fr.xi viable tissue by a bed of granulation tissue also in

various, ger.erally adianced, states of organization and

cicatrization. In one case of gangrene, the line of demarca-

tion ras prinariI7 co of intense acute necrotizbig inflzm-

mrtion with only scznt orginization such as would be found

at the dmarcation 2one of a cas5 of relatively early gangrene

(15 days post-frostbite).

The soft tissues that appeared grosily noaral and which

were renoved in conjunction with the ulcerations and gangrene

.- - , - - .I
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showed essentially the same changes in all specimens.

The changes were those of chronic inflammation of varying

* intensity. Any variations were those of quantity rather

than quality. The inflammation was most intense in the

S. loose supporting connective tissue around bloid vessels

of all sizes, nerves and dermal appendages.

.•The tat tissues =r* mildly or chronically inflamed and

a few scattered foci of necrosis were present. %anM of

the involved fat cello were depleted of their fat.

The skeletal muscle, away fzm the lines of demarcation

/.j/ •of gangren .s specimens uas not abnormal except for the

-- mild chronic inflamnatlon generally present in all the

soft ti-sues. The only muscle necrosis seen was in

relation to areas of demarcation.

The? dcial appendages away frc= the ulceiation and

S, .d'-4rcation lines were not abnormal except, for the sur-

roundino chronic ir~fai Rtion. Degenerative changes,

however, ware present in the sweat glands in areas closely

adjacent to ulcerations and demarcations.

The nerves had only a very few chronic infla=%atory

cells within their tinmks, althoush the surrounding loose

connective tissue was Lntensely L"nflaed. Dego-reatIve

changes of the nerves were not noted except within ulcer

beds and de-arcation infLtctatory tissue.

The blood vessels of all calibers were generally devoid

of recent thra-.bi as well'as eviden:ce of old thrwnbi except

% %

"* t '43
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In areas of tissue necrosis, reorganizing ulcer beds

and demarcated granulation tissue. Severe thrca'h-

phlebitis was present in the grossly normal tissue far

removed from gangrenous tissue* The involved veins

could readily be traced to the separation line of the

* gangrenous parts and the rmote phlebitis was attributed -

to extension fron this area. Capillary thrunbi were not

present in arrq areas of the specir=cn. The adventitial )
layer of the larger vessels and the loose connective tissues

around the larger and =aller vessels had a chronic ir-

flaiczatory reactiorn, the inteasity of .!iich varied with

the chronic inftlav--tion of the area in general.

Hcorrhaes in cucntially n.=,.zwl arro were few and

*"largely fresh. In the areaj of Giarrenoua dcmrcatien

mcdaxrate &Lontsa' of b).ced, e-c,;riratcd rand frezb, were

present in variable sized hc ,rrhages.

sThe bone at a cc-siderable distance from the demarcations

and ulcerations was not generally abnormal. Howover, cme

specimen showed a slight osteogonic process without an

aseociated marrow abnorrLiUt7. In a few specimens *•os-

chronic inflrm.atorl chvaz.ges and fibrosis of the marrow

were present, but these chAnges were not associated with

' alteratio.s of the spicul-es. In the areas of ulceration

and demarcation, the changes most frequently seen were

marked active osteogenesls associated with some osteolysis

and marked chronic infLa cation of the marrow coupled with

extensive fLbrous replacrtcnt. in one specimen, however,

; . . ~ . - % . .- . . . . ..-- - - - - ** . . . *M- . *~. * - . .•o o -..-+-. . . .

/ . . .. , . + . .• . +, .-. '."-"-" . . . "- . , ... ..... ; ...- -. ,'' . -.- • ,2 .-.-- ". -+ "•".

• . .- ",.' ... ..".. - . .• . .. , . , .. "* . " ',.,,.' .. -. , •• .. P .+•. j .+"..• ,• ,-,," •', -I- ,_ ,. . J . • • . .



with an enposed bons surface, the bons and Its marrow

were not abnormal. In. another speciman the exposed bone

was the seat or an active acute inflasiation of the marrow.

The bone of a cicatrized too tip had evidence of marked

bony re-absorption but without any appreciable marrow al-

terationse.[
The gangrenous tissues fromn all spacilmens were uniformly~

alike bing Involved In a non-specific necrosis.

The changcs present In 13 apeeizons were non-specific; and

were those generally seen In association with any chronic L

ulcerative process and in association with deniarcation of f
any Sm-rncu~.~s process othar than classical gas gangrene

'..

"ca"st byn Clostridia. Nothing wae prosent that could be 4V.

sp•ificaln y attri1t-dA to frostbite. Ecmen use thep Ipone

of tr-e stbtwecan tho i eactenfo of frostbit3 &-d the e-arow
aTh: ton of tdicatr ýis to long (27 to 134 dayes) are tisse

:' The ganp~~~~~~~nof ti ssues 'Wal pe~n ee nfnl

chc 3c which miffht otlearilse have chtracterized frostbite

(7 awqre prob•b•y obscured by non-speNcific chrnges. The study.

of tissue remncoved so long after the occurrence of frostbite

contributed little tor4ard the understanding of the patho-

ge-nesis of this type of cold injury.

III* CO11CW!IJONS

Of 191 cultures of material from frostbite lesions 49%Z were

positive for bacteria. Twelve typ-s of bacteria# cot-ýonly found in

!L"

the gastrointestieal tract, on skin and in coils were identified. No

""iven bacteria were characteri-'tic of frostbite lesions nor coul ay

745
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be related to severity of cold injury. Me. bacteria were considered

essentially non-pathogenic and, to a large extent, secondary invaders

in open lesions.

Of 105 cultures of material fre the frostbite lesions e-

amined, 96 were negative and nine were positive for pathogenic fungi.

•bo fungi consisted of three types of Trichoph'ton, namely, T. menta-

"grop:Vte, T. rubrn and T. sulfureum, all of which are caco~ny found

in cases of epidermoptqtoais of the feet. :.

Tht pc.tholecv of. frootbito lesions in tissues studied as

ersz-ntial2y that of chronically infl&-xd, ulcerated and gangrenous

tissue. Clitrges in r.vizle and bone, as wall as derun appmdages,

nerns and blood vessels were described.

Lbctcnive antibiotic thorapy e-d lack of early tissue epecimens

(27 to 1Vý days rczt-frortbite) =ay wel, havo obzcured er bactorlo-

lo-,icc-I or rtholc-icia chOrzns vhich might be c!=racteristic of frost-

bite.

746
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BECTION X

FO(T-EamT STUDS ON FROSTBITE CASUALTIE
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Lt. Danenic A. Vavala, MSC, USAF

747

' 1-7 .-- 7 77'7 7.. . . . . .. . . . . . . . . . . . . . .



TAB13 OF OC9WT=?

r.Introduction
nI. Methods

A. Minor Starch-Iodine Test

B. Quatitative Measurements of Foot Sweat0

C. Zcin Resistance Measuremsents

III. Results

A. Minor Stargh-Iodine Test

B. Foot Sweat Meauronents

1, First D--rce Frostbite
* 2. Second Dczirao Frostbite

3. Third Dacrco Frc,,ý,bite
4.'Ci~ic of Foot !ýmat by Ds~rea of Ihjuz7'

5.Cempsrizoa. of Foot C-!70at by Time Po:5t-Injury
6. Diurn-l Vot~~ ~easure".n.t3 on Frostbite

Patients ofFottePins
7. Racial Cc--arkzon fFotiePtet
S. Ccontra-dateral Uainjurad Feat in Unilateral

Frostbite
9. Uninlured Feet in Frostbite of the Hands

10. Osaka Controls
n1. Ynox Controls
12. YeAsure-znts of Scin Resistance

IV. Discussion

V. Conclusions

VI. Bibliography

748



. .. . ....................... . ........

*FOOT WdEAT STUDIES ON FROSTBITE CasuALT
KMRE, 1951-52

I. 2MroDUcTIOm

Exposure to cold resulting in a frostbite injury Wa alter the

Mechanism of sweating in the involved area. An early manifestation

of cold injury is anhidrosis which is a transient condition in first,

second and third degree frostbite. Ungley (1) in studies on ismirsion

) foot dcmonstrated both anhidrosis and sensory loss in the injured area.

A sinilAr firding iris reported by Davis, Srarff, at al. (2 nhgh-

altitude frostbite patients. DJeneratlve chuin!es in the m.ealt glands

of frostbite patients ha-ie been described by Ved~'*orth arid V~hitn&7 (3).

In a co.2ýparison of early and lato frostbite lesions, Friedizan and

Kritzler (4) shcr.wcd chanc.-es ranaing fron dcgcnorative procerises in

tho epithelial lininp. of sirzat gla.nds to atrophied ziwaat ducts and

dr.',eneration of zur.-ouriding conre~ctive tiesua.

ArhIdrozin in firat, oý-ccrA crnd third diaýr-ao frostbite of the

fe?1 i3 u,-wally folichod by h~rp~rhldr,:nio but the ex'act tirms of. onsot

w,. cau5..,s of this phcnc-w-jnon are not krc-inm. rha duration of hyper-

hidrosis and tho total amount of swpat produced for each degree of

J :fro~tbito has never b.,en rcporttcd. Mcessive syeating of feet pre-

vio-usly injured by rrostbit., is a frequent complaint. Excessive

s3reatirng of the faet with the necessity for increased attention to

foot hy_7ic-no may deer-ease the operationail efficiency of the, infantry

soldigr. Hype-rhidrosls of the feet durin_7 winter months could con-

t~ribute 7TrAterially to loss of bxly heat.

7- 7



*Consequently, an investigation of sweating of the feet us8 cot-

ducted in order to establish the followings

1) The presence addurat ion of the anhidrotic state is frost.-

bitten eitiweiities.

2) The time of onset of sweat~ing in the injured extrouities.

3) Qualitative and quantitative measure.4 of foot sweat aftor

frostbite for each degree of injury.

I)The presence or absence of hyperhidrosis of feet hinured

by frostbite.

5)The presence of a racial difference in foot r~sat output

as a possible &Tpknm.tion for the differences In Injury

incirlonce r.ztja bktvcn Nckroos and 1hbites. -

Foot-mnvat rzca".2mnzts wzre pfe~rfon4 at the Cold Znju

Center of Crzk-'a Ai.,y Or 1nitl, Jzp%;n, frcm ftoa-bor 1951 to

,.ýxcnh 1932. Tho vtriýy Croup i9?~.1 ~3paticnts ito ha ncured

froatbite of the feot in riC.ra drr thi vitro 915.T

p~rOO;1C* ar4 mount of awasting was datem-Imzd by uoing t.h Mlnor

Starch-Iodina Test (5), qtuantitetive gravi1-itric meavirments of

total foot sireat, and reasuresnts of the electrical resistance of

the skin of the feet.

A. Minor Stareh-Todine Test

The Minor Starch,-IcOline test was unad to determine the

presnene or absence oZ anhietroeis in patients ifter injury

by frostbite.

Minorts Solu~tion censists of$

Iodine, Co Po.. . . . .. #5 pis.
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Castor Oil. .o..e. o. e 10 cc.

Alcohol, absolute, q. s.... . . 100 cc.

Finely divided rice-pow.der is used as the starch source.

The tests were cohducted in a room where the temperature

was maintained between 94* and 860 F. with a relative humid-

ity of approximately 48%. The patients were at strict bed

rest# were clothed in a pair of cotton pajamas ard covered

by one sheet and blanket which extended frova the neck to

( ~ just below the knees. The patients feet were cleans--d with

alceohoil. This was follow-ed b7 a 30 minute equilibration

period. At the end of the equ.ilibration period the feet

were painted with a heavy cont. of Minor's Solution which

was allo-&-c to dry. Tho rief povdor was then¶ dusted over

th3 artea covored by Minor's So!ltioa and the color test

rand 30 minuatao later.

The rapv;irtceic of a z-sof blue color on th'e foot

was intoerpre',,.d as a positive tests, i. a.# sweat was

pr--ent. Tho absnce of a visible colo~r change was re-

cordtA4 es a negative teat. To confirm a negative test

the dusted area was rib-ub4 with a pieco of cotton. If

no blu& discoloration appeqared on the cotton, the negative

result was subst,_ntiated.

B. Qu~antitative ?!eneure-ncnts of Foot Sweat

qiantitative maabre.--ant-i of foot swPeat were mAde on the

follo-wing five gro'-ps of 3oldiers:

1) Casen with bi1literal (roitbite of the feet.

2) Pavents with contral-iteral uninjured reot.



V(

3) Cases with unin~jured feet but with frostbite of the

4)Osaka control subjects.

5)Fort Knox central subjects.

The frostbite patients had either a first* second or third

-dogr*. lesion which was either bilateral or unilateral.

There vwor 15 patients who had froutbito of the haride end no

* ~~aert cold Injuary ot the freats Meouremu~ats w~re startod 7

to U& daya after In,)ir7 and rejpct&W at approxLmt,3tel vc,-i'd7

intaprvrds for a pserid of 5 twntha. The avoak-ao nuir of

d~ten~t~'io or patient was 10 %aith a minG6 trv.3 four to

18. noe "!%jm*ts wýr* or uct- It. the hozpital wards

ii*.ro tho r..'ýient t.;:srrtur--,s fluctuatod betioctn ?20 ond

o e P. Wtiý-tlcr% of th3, t'oet da. - ujon tv fartorrot

ths rrr-.c, of a i..ietiv# stftrch-5.odine toits &xid vutfl-

Wv ay fr.:tV te1o L-0!03 to zvoid Laetion raid

* The O~caia coutro~s were 2!4 mzdic'al pitionts 0,o vw'ro hos-

pitoi~zed In the O2)*a Ar-j Horiital for or.ni-itiono other

had been evatuated frvi Kor,,& at. .pproxinatey thIe umi's tim~e

as tho *eno~ of fre.stbite. Tho onbjects hAd no netirologicet

di-orders or injtirlos of the loiver tmtre-,ttliao And thei~r

feet. wmre co-'iWer-.4 nna-L'. 0Oily oneo vw,&t daot.rmi-nalon

0 ~p.ir foot was Wuie on each control fro-a 2100 to W~O Moum

W ployip the mmm. st:tnrard cond~tons and tol~owng the

w,4e procedure as outlined buIlov under noctuirnal reasurementos.



1I . he Fort Knox controls were 2Z. normal sale labor# 2ry tech-

niclans whose mean age was 25 years with a ran&* from 18 to

30. A total of four measurements per foot were made In one

"month (October 1952) at Fort Knox, Kentucky. The procedures

evloyed for the determinations are described below under

nocturnal meaurements. lath subject was sepilibrated for

1.5 hours before the collection of sweat van initiated by

r=AJnInA at bad rest with the bare feet oxposed to an an-

blent tez;praturo of 740 F. The subjects were not per-

mitted to suoke.

T•e followina iteis wore used for each patients

1) No plastic vWlite bags.

2) Otte pai wool cushion sole socks.

S•3) One pair rubbhr b.rrier socks.

4) Two hand trwole.

I. Koeturnal kosturt-ients.

TV, %ool socks and &.-nd to%.sle uere desiccated to a

c constant _,Aft in a drying oven. Into eech plastie

* bag ws pslacod onrs %owl ece ono rubbor barrier -•ck

and one hind towel. The top of thp bag wae sested

with a rubtr band aM veig•,d to the nearest tenth of

a gram.

The collecticn of foot nweat was st.arted at 2100

hours nrn,4 tevT!nat,'d at OV'O hours. This period of
I

tiz. for collectlon of rwv,!at ii selected since the

patient would be at ccr plete bed rest ,rder approxi-

•,tely baeeIl conditions. Tv. mininize the uptakce of

73 )
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mosuefrm the air oray ame bag eas "pned at a time.

Each foot was clothed in the wool sock and covered by

17 the rubb-dr barrier sock. The desiccated hand towels re-

-mained Inside tho bikss. The patients we re inspected by

the inmotigator at 2100, 2300 and 2400 hours vAn bjy the

nurse at 0-100, 03CO mnd 0500 hours to insure that the

patients mtainc in bed with thair feet *Lq*md to room

teo'paretimeo In addit~on, the rvbber b&-rie:r sock won

*urlmn4 to cert;..dm it v.~' in propor pailtien and

mnau1.y fitt.-d to rts-'ot ez'. U:3o by rvt.;oton.

At WMO ho-,za thi r~bb'-r tvzler tnd v3-A sn,-.% were

r-.r-jvr rx4I my rejY'i.,-1 i~nozt~um an tho foot v-:3 wiped

off onto fh3 rc0,'~ v~.:Iii .%to. h,,nd t~~.All

itvý 3 fer e-.th foeA i- nj t*-n ;!., in tUir n-. vM~otiva

w oef gl.:t Co2I'~ettd v.. rý, 'z JC 3 of Qt Ar.a~z~t

to l h eurvz, foX *1Ar t", szý -- rocc '~a(cccpt for

setivitZ,) mi r'vo~ drnjr~t.l~. for tb-- anJ~httirv, col-

1ccttinr'i. A to't.,3 of 54~ fr .. -t~ienti fmn- the

~-'. c,-:r a;~rof .1 0 to Y.1' .0 e.~ p1,'-i-Novjr. Th o

or ccntrolUed. 7iq iV 
9 .ýrt -i Ic-'d to r.o, fr-mly
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bed during the collection period. 04 was hot allowed to

leave the ward between 0800 and 1900 hours and hii meals

were served at the bedside. Hourly checks by the nurse

or Investigator were made to msure that the socks were

being worn properly.

C. Skin Resistance Heasurcm"-ts

7he principle of skin resistAnce measuerient as defined by

.Mchter invpolvs differences in skin resistance levols rather

I" than actuail quantitativo iasuro-nts of this resistarce.

Richter fu:'thor states that the res'stame vcries inversely

with a%-at Oi.and activity. V.3a moda• nur-bor of meaeurwrents

of skin mistance porform.4 per patient ww. four with a range

froa t-do to eight.

A r*'Iiflc-:t±'on of llicMht~rs d~~-tr(~7, 0) -~.-- used.
* A di~.trca.1 t ctrca e1,.c~r l circtit of thu r,.-aficd dcr-

mhoai. A ,calo r•viA.g of zero indic.ated hi~h nkin resistance

or the absence of wrrat gland activity. A wcale value of 5

ihos va-s the m~xir.%1 activity the imstrmeint W3 c.-pable of

* recordirg althcu-h It fi.i.ed to raflIcct tlhe -.a.ial actual

secretions. An ai,rc.priate linear relatior.hip botwven

aweat l4.xrd activity a:-d scale reidine prevailed in the

inter,,,1oiata zcne.

C.. ; . ao is . pra,!Acil -rnit of c'mnv!u talice (the rae'proal resist-
. )t j&I i-i b,,iy throu.:i which oQie xapere of

......... ....•......... :,,.t,,', • .' y%• . . . " " . ,..' .... , ...... '. ' .. "'...' .. '''.. *'.. 4""..."". .. % " S %-"."-*.S ,-A-. " . ." " ". ,"' •".. %
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Measurements were conducted in an ambient teaperature of'

70' to 740 F. The feet were not subjccted to any special

preparation prior to this procedure. Patients were at bed

rest with feet exposed to the .air for at least 2 hours prior

to measurement. Nineteen standard points per foot were

selected for each measurement. Nine points were on the

plantar surface and 10 on the dorsal surface of the foot

(Figure 2). The plantar and dorsal surf .Cs of the foot

were further divided into proximA, mid•le and distal

I third$* This division of the foot pitrrxitted the electrical

4 "•resistance of the skin of the six genrral areas to be com-

pared. Tho eluctrode was placAd by sL-.-ae contact on each

V.Ant; roadinias wro tdcen directly frcm th3 miter and

racoidei a3 thoe.

A, :Hincr Starch-Ioino Test
A pmsitivo toit i.s obt•air.,d on 73 oct of 78 patients.

rhoso 73 patients wa.ro first tc2tc.d 12t 4dny pst

injury. Three p~tlents with second daervi ar t* with

third degree whon first t,-ted %.ere fout4 to be in an

anhidrotic state. In these five potimnts a positive Minor

test wva first obt-,nid P'3 dAy after injury.

B. Foot-SwAt Foazuro;Yent.

Xfa.murnmants of foot sieat wern performed on a total of

62 frostbite patients. RvAn msemt values for the sevoral

11 hour collectiorz were deter-dn.d for each foot. In

order to correlitn the chain-so in sw,,at pri-Auction with

75



time post-injury the meaaurements of foot sweat wre divided

into four 30 day periods (1-30, 31-60, 61-90, 91-120). Tis

d division tended to equalize the nu-ber of l•eterrinations for

. each patient and yet not mask differentiai sweat production

between periods (see Table 1 for the distribution of feet

"used in this st%%dy).ft TAB~LE
DISTRUIBUTION OF MrE STWIEZD FOR SW1EAT OUTPUT.

rp•-ir,-a of In.1tir-yof-Fe~t- Pdr-t U!...

Nono (O-.i~J:a controls) 24~ 24
lcr,3 •(•,c controls) 24 24

!~or,3 (C;ay Iwa.C.-i injir) 15s1
~ (or ~lI;~cafoot inju.,ed*) 5 3

TFirot 7 .
S~~~rv112 20

Third 24. is

saor.l o. thuid d,',rz;M i;ýn e$.

C. 1. Firot rroe Froitite,

Duri.bg th3 firat 30 day period after iLtj-y the mean

mweat v•m1uo for the right foot of six patients ranged

frc-' 7.0 to 34.5 r-nr•• par 11 hours (Table 2). The left

foot of sovon p.at~ents durier this first poeriod had a

r.rtln vw).t production rarning from 5.5 to 19.4 gr•-a per

U ,ourn (Tab]e 3). The m',an of mesms for the right aM

loft foot ,•.ong the 13 patients show.d a pm•greslfe ""

.ncr-.se in 'j:,,•at proixh:ctio up to 90 days after Inju.-y_.

SCo.a•l:,r~ b,-tww-,n the ri,-iit ad 1,,,ýrt foot for each



Pomt-WurjwY period ihmeed thle meani valutes not to be

J. iSignificantly differen~t frcm one another (st" values

ranged from 0.653 to 1.961).

* TAMX 2

DISMIMfIM OF S~TVALUES FOR
FmwS MM FROS'"Bmw C? Trz Pjc~iT FO= wrlhI R=PZCT To

PQ3"T-D;jua CZLS:i'Icz1I P:210D.

ii I,:I

17 7.93 ±O.I73 14.22 10- 19.65 ±1.1-O 19.53 !6.1,7
*I23 9.33 =1.433 19.'6S .!. 24.C,, V4.1H0 2$4,2 13.5,,'4

59 7.03 !1.53) 16.J3 .C.. 2I5 !1.450
40 9.75 ±OCA P3.6)3 :.. a?2.63 11o.Oo;

4310-"1 3.~2 1342 Z?.319 15.00 1,5.375

58 7"4 71-6 6
* 2. Saen cr4fl~roo Frci.,1 to

The wonm foo-r--.tt yak'7.s for tha right foot of 12 pa-

tients ran.,wd from 5-1 to 17.5 petr 11 hour., (Table

4). Vhso lift foot of 19 jp.atl-nts for thei E,-n* poriod

varied frm 4.7 to ;0.3 zr,- pn'r 11 hours (Tnble 5).

The =-n of r.-anri for t,ý'i right and left foot m-h~o-m a

prac~imsive 1ncrmics in the2 a'e7unt of cwnat collecteda up

to WQ d-.ys after in'jtu-y. Ccmprisnns bi twto)n the ri~kn of

mA,.'n valuq for the r!_.ht and lett fot in CA~h parlod

ehovA~ the- not to b., s17!ifIrc.in'Ay Aifferaft ('"t" val.u.s

. . . . . ... . .. . .. . *. *.* ~ .. *t- . . .

.**1~'ft.4D
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ranged fromi 0.346 to 1.1.6).

TABLE 3

DISTRIErrION OF SWEAT VALUES F•R
FIRST DOG!X M3 FROSTBITE OF THE L'Yr FOOT ACCORDING TO

POST-INJURY COLLECTION PERIOD.

Days Po0 t-n._u_
I0 1 6.-t 91 120uject :t- .

S5 6.67 +-4.121 10.45 .±2.L37 13.55 ±2.500 1.3 ±.3

41 7.95 ± -1.343 13.;,6 ±1.1561 22.45 ±, 3.350 ...

65 19.40 -+15.::¢3 2•..96 .-?.43SI 16.15 ±1.250
82 10.95 ±1.7(Y) 15.55 Z-'.,7il ':
87 2.15 ±1.?• 13.53 .t0.71S ,,.

11o:nofI.12 -±5.303 i:4.23 ±4.342 17.15 f±',.31fl 12.67 ±1.470

Skleaa Q
knot -- M,1 -. - -ma ___ ___ Swa-

3. Third r.•ree ?routbi.te

.• The vr.e.an gra.• of s-ieat collected during ths different

•" ~poot-injur'y pcri-'d.s for the rig•ht and lefl. foot among 30

patients is oho•,n in Tables 6 and 7. The mean of mean .].

values for each too$. ohowedt a progre~ssve increatwe in the
amont. of saýt collected up to 90 days after injury. ].

Cca(.rI.Jons b,•tw,,: the mean of ::ean valu.,s for the right ':'i

and left. foot yielded no slgn~ticanL di ffrences ("t"'",

whl8 s rang. t10r.4 0.027 to 1.255).

4.. Ccin-ari~on of Foot. S,.•t by Decree of rnjur-y""

"21he •,a. values for th.: right and left f2et within each1

...... 9 4134 131, -:1.5.24 !-

'.-...:-:'.:-.:-.-48 10-.-.....-.':':'.''.''...... , . 2..-' 5.' - 4'.'-" .31-') i..-',:' " -.'V .."-" 3. 40-" "- ."1-283..''-..,.. .. ; "
'-"~ ~ ~ ~ ~~5 "1" 5" -"- •-••• ,,., ' ,•--"' 3 11 -'t--71,7 15-76'''- t'''-1-143'-t"" . .:." 5/-"C =". .""""." """"" ._",.'



TAMS•I

DISTRIB•TION OF S4EAT VALUES FOR
SECO:w DEGREE FROSTDITI OF rTH RIGHT FOOT ACCORDING TO

POST-MItJaI COLLECTIO.I PERIOD

,_______._ _,•DaysPos -Injuryo

s/n * . -/11 Seat S.OD. Sveat S.. Sw/at S.D.

hr hr hr hr

15 8.60 ± 1.0201 9. ± •,2•;
34 16.214 1 4.31,51 13.85 ±2.6-.0 2,'U15 .2.75 14.35 1 MW75
37 7.23 4 1.644 1l-"5 + 'a. 377hJ 15.23 ± 1.83. 21.50 2! 4.597

3150C I0.374 10.30 '1.474 16.05 - 1.O50 17-10 1".267
52 10.77 ±1 2.1% 14.62 4.275 .CO 1 33.79.
53 17.45 . 1.5"; 13.82 1.556 14.23 11 1.3
57 13.63 .11.721 12.45 .10.650
6 13.C6 1 3.711 16.52 t 4.•5S' 15.70 ± 1..-
70 17.40 ! 2.5nr 1.10. 1 A,.7_ 120.0 ± .c.
75 15.83 2 1.,9. 15.17 ! 2.:5: 12.95 0.95.
79 9.C0 , 1.37'C 12.65 0.6- 144.5 t 1.95.

of" 11.81 ± 770. 13.35 t 2.6J 15.45 -3.367, 16.14 1 4.86

dros of injuxr/ and po.t-injury period •rere co:abinod.

The mein values for sweat collected p.r 11 hours per foot

for first, second and third de-ze frostbite respectively

within each post-injury period were compared. Except for

the coparison bstb'.en second end third derree frostbite

in the 31-60 day period, no other significant differences

in foot sweat values by deg.-.* of InJur7 were fo-Ind

(Table 8). The differcnce between the rean sweat values

of second and third deg-ree in the 31-60 day period was

2.8 grAn'is. When this differene in mean foot-sweat value

~~..... . . . . . . . . . . . . . . ., ., .• . . - ..- .7 - m m u m m



TAMZ 5

DISTRIBUTIONI CF SWEATT VALUES FOR
SECOND D32RZ FROSTBITE OF THE LEFT FOOT ACCORDING MO

POST-INJURY COLLECTION4 FMIOD

Days Post-Injury

Subject 0lean

S.D * .D .S..o.D

"-"p2./fl s/.1.- -

hr hr br hr

(¾2 4.66 0 .j3S6 10.713 12.462 11.00 1 WCO 8.67 ±3.006

19. 
.++

8 12.05 -1;2.5501 19.90 1±5.492 23.13 ±6.839 13.73 ±3.842

+~~ ~~ Das os-Ijuy

15 6.53 .11.0391 11 -I.A ± 2.105 23.00 14.4CO
19 5.43 1 0.741. 10.46 1 2.72.3 17.90 11.100 19.60 ! 6.865
20 6.63 11.144 12.31 11.0 14.36 11.263 12.92 ±0.517
26 14.29 ±2.970 13.40 ±0.904" 19.42 ±5.409
37 6.50 ±0.833 12.0's 15.135 13.45 ±0.350 16.50 ±1.700
39 14.33 ±3.830 17.56 12.015 22.60 ±1.200
4,0 10.80 0.355 21.6? ±6.770 19.60 ±11400
43 6.53 12.502 U..1,3 t1.676 15.20 1XA5 11.30 1.Cl ,
44 5.56 10.732 11.32 Z 1.7-L 17.30 15X. 19.00 It 2.780
52 12.02 ± 2.319 14.90 5.1.2 16.8'2 15.260 1
53 16.55 t 2.T21 17.66 123.755 15-40 12.699
57 14.03 1 2.71'.3 11 .95 1 0.2[5
67 15.50 -± 5.ý5 15.96 7. MS.3! 14.23 1 20,4 4
63 20.26 ± 1.6"13 18.14 t : 2.527 15.56 ± 1.2:0
79 13.33 1 1.835 1!.77 10 5.•02
82 10.95 ± 0.:3650 14.93 O 6.70' 17.65 "0.250
84 11.90 ±1C6 9.0 6.1CO
86 13.95 ± ,0.O 21.62 jt I5.k73

Yeain
of 10.02 ± 4.556 71.02 17.23 ±3.630 15.14

Means 1-T1

was compared to the differ-nces between the other degrees

of~ frostbite no si 5.rfic~.n~e wan found (tv-1.456, P >.10),

thus aztrengthening tha impr-.5sion that the observed dif-

ft-rence occi~rred by chance. It was concludedt that the

degree of injury does not materially influence the rate

or sweating in the ini irvo foot.

LIZA.:, %



.- - - - - - - . ..- •- - ' - - " - - " " . . . . . j . .. • • . . .- . - - . -. -

r TAMSE 6

DISTRIflUffIN OF MMZT VALLU-S FMRI ~TIID D92RFZ 2i0&TDI7 OF THE RIGRW FOOYT ACCORDLNG TO
POST-D3JUMr COLLECTION PIFMOD

- - ~ ~~~~ 0~ PC't-Injry______

Subject 3 0... .. ... "
Vca-n 1t Man. Y,' :,)n Ft. Mern F

./11 IS.D. Lods/ll S.D. Laa/in S.D. C3/ii S.D.

2 6.o !0 ;- •- 11.33 --3.C03 II.C 11.C,,) 10.67 41.594
*3 .12.Cs 21.Sc.! 13.!.0 76346 20.31) !±4.co

8 14�.�.3-.116 30.92 -9. 30.0 -,.551 1 ±.O -5.145
* l10.*21 •!.(:;5 15.65 ti.r1 13.63 20.1,03

19 6.C3 l-1.13k 12.72 3,L 15.5 11.S50 13.70 14.673;•21 ,6.C6 .1,.? 7 10.53 21i.7•:3

25 20.5.4 $5.051 24.72 •13.I 20.95 .9.2!4 22.90 -3.MO
27 5.63 ±0.M ' " 14 .14 1 10 -56 17423 15.M, .22.715

32 20.2 .1. IS 15 20.10-, I Z0.15 13

5 16.3 A1.C5 :-.C,9 3.03 !t.613
4 1141 m •'~ 10•" . 5 .5 •) t?..co0

86.,5 16-.0 "A r .- ±10ý,
6 1.9' 13..:.0" 10.,0 IM .445 15.2-
50 1663 1 •.A 21 .)5 0 .2 104,',,7

11. • 1 C 1 13.,0 .... a.
63 61..0 I.') 6..0 15 .333.767 V3. C Lli."5 --t 19: 72.71: 144-3Z2.4•12
81 13.4.0 AQ..:.', 0..3: ...

® e2 10.90 24'..!' 13 ,, |iZ2.7,1

t • ll,;O z ),.O 16.7.7 -!,.926$
"^ 3 2.CO V•,.*;r) *,6.r/0 1!2.333

92 2V.20 j ,.9':'n 14.75 20.723

O. d13.31 1-6.479 17.45,±6.555 17.49 I.4.497 14.92 .3.751

!6 - -7 !-75
S:. ,:tans

"5. Ccmzprl.-on of Foot eat by Tite Po.et-rnJury

S,'rlier analya.w ?hWwed that thi, ro weri no &InifIcant

dlfforenc-)s in the foot-ewdat output for the right and

"lefttfoot AnI for the different dcdre.1s of Ir.urJr. The

7S.4



DISTRIBLTIOt( OF S4IM VALUSES FOR
THIRD DMM F FRO.'T BITZ CP THC WT? POo AC~WRDI TO

MiST-INJURY L1CO 1IV3 PMII0

VSubjeet __ *

S. D. 3. . twa E i.

U.3 9.10 !.1 o143 17.61 !t2491 20.1.0 Z6.OWE
-. 9 13.03 !.SCO 13 - 2 .4;II.0 15.55 -15.91-6

17 10.73 154 10.9ý3 -*1.3!7 19-0 l .&3 14.0.1140
23 llo.0 -*:2.^,;9 20 .5.9'3 2,.~S3 13 -&54 26-; 3.703

33 14.17 l',-7;2 17.75 .t. 9 2 `2"'.1.7'?
34 15.43 *'5.767 MAI~ l1.'W5 2 '
36 13.51 -13.SV,. U.33 lox's$

£6 13.o1 ~3, 15 * :.") 7 ,1 1 15;

70 l".63 17 "0 47 U4~,5z 3

S ~~~C3 '~

,,nof 13 Y lZ5.o41 16.(a.!1iA.21,F,, 175d4 .~ 17.35!

meatn foot-~,Veit vi1u-Is ,Mn t!hOeoto:, c "0 ?j3r' a sitr...

Cle val us for eivh at th., feur JO daiy po t-in,"..-a- 'rerodo.

*This Crotyping yieldo!4 a ctt outttl't per fLo2% per~ 11

hours for oaich pot-rro1qc ;m.-i' a3 folo.,3t 1-i0

d.vs, 11.- ga-, 31-60, 15.7N) zr:;61-90, 17.16 jgrxm

and 91-120 &,yi, 15.-77 -t.-nx C4:-',7r!jo3nsbt . thou,

vle s with r.i.;pv'tt 1.0 the pont-Inj'Iry r--'iod3 ar'. show"l

In Table 9. The tvt-ni .'e vs!.ve of the fir~. ;-Iv' ew

si-ijri1 t1intly luw'ýr thin t!.* v,%laes fr*)c th-i :virn-1* third



. .. . .- . . . . .

I

2 ,.. •W ,o. S F, • .. .......

lot 1-3J0 13 10.29 A4.267 0.703 >.400

•" ':zI I-0 ) 112V .J )

2n 3 14.27 14-3380lo•t 13 15.03 . 4.t• 1.&91 >.i0

3rd 31-30 39 17.15 ± 5.38 9

"lot 13 15.03 ± 3.407
,3 1-60 0.496 16.15 ± .>.60

-- A 32 1-5 03,0

• " ~t 31-60 1.7 >.9 -- 0•

""t3rd 9 17.5 5.34>
2lot 26 16.9: 3.512 1>.1

3rd 61-9 0 V.1 17.51 1 4 .33 0

A 26 16.54 •'5.12
S61-90 2 171 43S 0.906 >.0 3

2,td 91-120 12 15.63 ± .5-69 0.514 >.60

lat 6 16.82 ± 5.672 0.293 MO
3rd 91-is0 18 12.433 ± 4.2J,3

2nd i12 15.41 4:159
• , 91-120 18 16.08 4 4.243 0o.• >.70

-.- ,, -.- ,
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and fourth post-frostbite periods. The foot sweat col-

* ~lected in the~ 31-60 day period was sigalticazitly lower
than that of the 61-90 day period. Tim remaininig camn-

parisons were not significant. Those analyses 'i.Acated

that there was an Increase In foot ma~t fram time of

injury up to the 61-90 day pev'od after which the amount

of foot sweat collected remained fairly constant.

o.IFY. "M STF33P

1j3 79 114C6 1±4-973. 5.222 <0
31-60 94. 15.70 1A.6-A)

1-30 79 lix,6 I 4.3 7 7 ci
61-90 70 J17.16 -t3 6

£ -

31-60 914 15-70 -dt'ero 2..31. <.00
". 61-90 70 Y/r.16) 3 .7)1  223 <00-

31-60 94 15.70 14.6'O0 34 .,

91-120 41 15.97 ±4.031
61-90 70 17.16 1±.761 1.53, 191-120 41 1.911. 4.C31[

D•itrnal rosure--nts of root sinwi ert wde fye 54,

• tatlt nthere was increasei bn fod itran-ctive of

I. '

"de"'r,"o of injur -or extrr-dty ro that the f.ar. Crans of

* i II-A-1 r'r !,(t -7r 11 h17,ir3 COUM be. C31C.,0tod.
I g

• .. • •, 1-0 79 1..•6 . .& .• 7.3 <. , ,
i. . . . . . . . . . . . . . . . . . . . . . . . .... ~
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SCceiarsons of these mean values were made an the basl.

of time post-injury that the collection was performed

(Taile 10). There was a progressive Increase of foAt

swat frca the flist period (1-30 days post-injury) to

ths fourth and last period (91-120 days). The mean foot

sweat of the first period was significantly miwer than

the mean of any one of the other three intervals. The

31-60 day period mean was s igiticant1y lover thark the

man ot the 91-120 dy period. The mean of the second

period was not siUificant1y different from the mean of

ifthe third porlod nor w4s the third period mwan signifi-

Scantly different from that of the fourth perlod.

Dl•;•;k,J4L CO;:,,'.'L~l¢: r%1.1 14; P.P.T .-A UWH.
ý;,'CT' TO TL,7 P051'"-IN¢J•a

Ot-o of t, 'At L-7 i o t.t <*P

1-*0 7817.5 1 53:0 2.360 4.01 K
31-60 63 21.0 ± 81..-

--1 ,a- 17 7 -60. <.001
*61-90 22 24 I 7..0 .

91-]20 4 27:.3 .4.60

-,T-7C= 63 =. -rd 1.706 X.05
61-90 22 24.1 -! 7.20
-- :-F TUJ-7. 2.509 <.02

91-120 1 27.3 i 4.60
77i:- 20- r 1.148 -0

91-120 4 27.3 1 4.60

* I

* There was a progressive increase in the sweat production

up to 90 days after Injury for both the diurnal and

. 768
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nocturnal measurements. Comparisons between the day and

night. values indicated a greater sweat output during the

diurnal period (Table 11). This differential undoubtedly

reflected the effects of greater physical activity of the

patients during the daytime.

TAIIZ 11

MiTPARISM, 0" MIN' FOOT Sin--AT M•tsIP=IrS FOR
DI1•IAL •ND NOCt~I?.'.1 COLLECMI0,IS WrrH RESPECT TOS•2 TIME POST-INJURT

e Days . ...Tt.e' ' .o. Ireaak Ft. s& . ... .
I Po ~ i~PAR-3of of 10S _Post-=._e£ .mat C Deviation P

1-30 flight 79 11.9 + 4:99 6.745 <.001
F l-30 Day 78 17.5 ±5,40

31-60 Hight 94 15.7 4 4.60 4.561 <.001
.° 31-60 63 21.0 28.42

61-90 Night 70 17.2 13.76 /4.120 <.001
61-$0 M y 22 24.1 ± 7.19

91-120 lieht 70 16.0 1 403 . 4.70 <.001

; 91-120 Voy 4 27.3 J .+k6

, 7. Racial Cczaparion of Fro.tbite Patients

The mean foot-aweat values for the 25 White and 22 .4egro

ratients wcro ceo:paxed irres;eetivo of specific extremity

or degree ot injury. No significant difference was found

between the two groups ("t" - 0.524).

8. Contralateral Uninjured Foet in 4 ýateral Frostbit.

There wore eiht rptients %sho hAd either a second or

third d'frn-e C-cAbite of one fWoo and the contralateral

foot showed no overt evidernce of Injur- by coil. Table

12 shows the indlvldt'ý mean foot-:jw!.xt values for thesc

••••.....-,....':...,-,-.-=.-, .... . -.., . - ..-.. - ... A.- ,- .. - ',,-.- ,+ ., ....! *.. . . . . . , , .



eight patients in each post-injury period. It is to be

noted that the mean of maan values for injured and un-

injured feet are not too different and follow a progres-

sive pattern up to 90 days after injury. Comparison

between the mean of moan values for the injured and un-

injurcd feet showed no s3g,-Uficant differencen In foot

" sieaat collected durinZ ench post-injury period for these

two clazzee of feet ("t" values ranged from 0.165 to 0.852).

The xean foot-3weat 'ralies for the contralateral un-

injured feet were cc-.rd wth re-,poct to the different

post-injury periods. The d!fforoncoo bctween the first

and third and first &.M fourth periods were significant

(Table 13). T.o r-:aining c.iparisons ware not signifi-

oer.t. Table 14 cher.rs the c..ri•ecn bstv'en the r-=a foot-

,,oat f:ou.-s-nts o:. contralatoral ur.knjvzed feet and

f.outbitten foot (pip•t1.tio. frvra Table 9). In no case

was thore a s niLficLnt differcnce in foot oviat for these

two distinct &roups of foot.

9. Uninjurod Feet in Frostbite of the Hands

Xcaszrc-,nts of foot rd*at wera cade for 15 patients

who had froztbite of the hands without any overt evidence

of cold Injury to their feet. The moan gros of foot

evoat collected from thcse patients for each post-injury

perit%' is 3t shn in Table 15. rta for the 91-120 day

period wero not utillel because of the m:vil size of the

swv.ple. The mean foot-ieat values were h.ever of the

rtme order as the 61-90 day period. The mean of mean

770
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TABLZ 13

FOOT SEAT RATE COARI0I$S BENE
POST-INJURY PERIODS FOR Ul;TNJUR.D F OF

PATIUnTS WITHn U7jUATLRA FROVBITE

Dy I No. MeHan Ft-Ptiyof amat I S.D. t P~P0st-Inju-y
[Foa

1-30 5 9.93 I 2.602 >.05
* 31-60 8 14.01 ± 4.163

, 1-30 5 9.93 _ 2.602 30 <1
S61-90 7 17.21 _ 4.025 3.801 <.Ol

1-30 5 9.93 ± 2.602!•2 -42. <.05
91-120 5 14.G7 - 2.87

31-60 8 114.01 - 4.163 1.512 >.I0
61-90 _ 17.21 - 4.025 .-t 31-60 8 14.01 - 4.163 0.439 >.60
91-1,0 5 14.07 ± 2.887

61-90 7 117.21 1 ±4.015 113 >2
91-120 5 1I.o7 -1 2.3,A7 ,>

TA=2E 14

FC^?T 7.7,?T P.'.T :."I:S EX7,.'.ý1 PATM.-AS VTIM

* :.AL';. L.L F~I~ r~l TM FC'r-rVJUrnY FMIODS

Feet Post- of V'oat S.D. t P

Fro-.'.hitten 1_3O 79 11.86 1 4:.9.3 1.494t >.10
,,r ..ed* 5 9.93 J 2.602

Frs Ltbitte!n 93 15.70 1 4c0 0• >.30 ""
U,:inj" rcd* a J.4.01 14.163

?wo-o-Atten 61-90 70 17.16 .1 3.761 0"
... :r.:d* 7 17.21 - 4.025

Fro:tbitt-n 41 15.97 I"4.031 07, >.40

L rc"d 91-12C 5 14.87 1 2.887

;Contra~lat'ral foot frostbitten

72 IWO
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T'AEZ 15) DIST1RIIMIO OF FOOT SvEAT VALMS FOR 15 PATMTS WITH

FROSTBITE OF THE HANDS AND NO COLD IN4JURY OF THE FEET ACCORDING TO
POST-INJURY COLLECTION PERIOD

Subject No. 1-0 1 61090
and tean Ft eaan Ft,

Feet Sweat - S.D. eat 941 S.D. %eat gml S.D.U1.T.TR;.Xr -14 I *4
6-Riht 9.83 3.931 14.50 1 4.118 18.30 ± 2.549qi + 3.6!:, 1..J•: "* ' J, "O5: - "*

1 Right 14.60 1 3.162 15.20 1 4x.00

r6 Right 12.0 2. 3.345 13.10 1 1.761 15.63 1 6.047

nl1-ht 13.67 1Z 3. -- 16 ,54 - 2.5 15.3324

1 Idght 13.73 - 3.-143 13.40 1 3.323 11.53 .1.991

52 Mtght 11.53 1 3.61V5 9.(.3 14.651 ,Z..0 ±30.179

ri:lt 15.50 ,1-.333 15.C2 1 2.51$ 1 14.17 .4.29-05
4 ~~v f¶~ -' ,II

*9 Tt~t I__sO +•.-I..._ -- '" 1 ,-•+ ,_3..$_ .,A.,-.lq?.....g'r: it 11.77 1± 3.94 I 10.33 1 2.1-3 11.13 + 3.2a9

6 Rig;ht 12.95 1.2 2.1rO 12.97 1 1.6'-0

:; M;ht. 10.53 + 1.:251 12.33 j 1.6237 'rt.__ .dO.13 .. I ! .. J . .•_ ,,. ,"3

"7" Right 1't.,3 1. 4.'47 jU.43 ± 1.902-7 r.^, IA r _

0 Right 14.55 Z 1.793 1!4.65 t 0.917

9 Right 11.75 4 6.3C0 11.76 1 4.906
Iitt •-16..0_ _.t" ._ -0,16- 1-1,_ _2 ._ _.

4 Right 13.70 -. 2.0c0 13.10 -± 3.270
0_ 1"_2._79• 02.. 9_2 ._22, ,. :i-.... ±1'1 _ __

Right 12.62 1 2.134 L1.63 ± 2.187 16.41 ± 6.474-0 c Foot---.

__ Left 12.79_ _ 3_5__2 __ I.0 +. 2.344 14.53 1 3.231
X Foot

77;3
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Values for these cases was initially slightly higher than

thAt for feet with first and second degree frostbite

(Tables 2.. 3, 5, 6) but a progressive increase from 1-30

to 61-90 days still suisted. The difference in foot-

sweat values between these tunintjurA right asn loft feet

,within each Poo t-ihJrsY collection period were not signif-

Icant (-t0 values rati eied from 0.158 to 0.687). The sweat

values for eoch foot were combined acoording to the d-f-

feront ps-t-injury periods. In co-k-arlsons of foot-

sweat 7&alu3s for the dif.ferent periods no sinificant

differences were fotr4 (Table 16). Those data show that

tho increase in toot rveat poct-injury was not present as

In tho ca-,e of feet injured, by cold.

TAM 16

FOOT P'-AT RZ , •C ý11.ZT.S '•-T,21

-' o

Pont- of r..-at C/ S.D. t P

1-30 30 12-70 + .753 1.810 %.05 "[[
11-60 30 13.85 . 2.128

1-30 30 12.70 1- 2.753 1.999 >.05
61-90 14 15.47 ± 4.830

31-60 30 13.85 + 2.128 1.202 X20
61-90 14 15.4? ! i-8.30

Table 17 shows the co'.ir'Lsc:ns batw-en thq foot-pm.%t

values for feet with fmstbite and those for uninjured feet

of patients with frostbite of the hiinds. The o'ar,.t of foot

sweat collected In these two groups w3-9 not significantly

S. . ., .,.. . ....... ... . . .. .... .. . ..... .. .. ,- ..... ... .. ... -... ., -. '. .::

77%• • o2,2
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different except in the 31-60 post-injury period, where

less sweat was collected from the uninjured feet.

TAI•Z 17

C• .TUART CF FOOT M7r. .TE1,FZ FM PATM"IS WITH
FROSITT FMr.T KD ULINJJURrD F= OF CAM IMTH M T BITrh

HANDS FOR EACH FOSi-INJLIPX FlMIOD-

Days No. ;!ian Ft.-
Feet Pos t-J_ of S'.Ct S.D. t

ur,>
Frostbitt n 1-3 11 C .6 -.993 I.5 >2
Uninjured J 30 12.70 2.753 .LSr"r

Frontbitten 31-0 94 i 15.70 1 4.600
Uninjuxcd 

.30 3.85 2.12 3.016 .

Frcstbitten 61-90 17.16 ± 3.761 0 o
Uninjured61-90 14 15.47 '± 4-9330 126 >2

Analyses were rn..de of the foot-. at data for contra-

1attral uninjued feot and uninju,-d feet of pationts

with frostbitten hfinds (Table 18). The diffevrnces in

foot reeat between thctve two groups of feet koan not

significn.t except in the 1-30 poýt-Injury pnricd.

The abovo rnnnnyses indicated tl:2t tO'e feet (r.itiernts

with froztbitton hands) w'hich pre~ented no overt. evidence

k of injury lay cold had a ='aller sr.vt output than frost-

bitten fcetwhich alto did not increase with ti-te post-

injury. It alao .•,t be r~eerebird th.at these feet,

although not shovlng evidence of cold inju-y, neverthe-

ievi undýr..vnt a cold exposure which was aevere r.nough

to produre frostbite of the upper extremity in the same

subject.

.• . . . . ... . ,.
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TAM..E 18

C(WPARISONS OF FOOT SIAT RATES BEMdN PATIETS Wr".
COM41AI.TBAL MUNDJUED FIT A-RD TIME MMILMM EET~ OF CASES WM~

FBOSTBITTN HANDS FOR EACH POST-INJURT P•UOD

Days No. Hean Ft1 0Uninjured Post-r I of Sweat Va- S.D. t P
.feet-source nIj-,7 Foot II Hr. I -

H •and Cae 1-0 30 12.70 .• 753Feet Cases* 5 9.93 ±2.602 6

Hand Cases 31-30 30 13.70 8 2.75 O.105 >.go0

Fact r-2ses* a 11.01 -14.163 .

&%nd Cqses 114 15.147 1 &.830 082 >3
'_____________ Feet Csaes* -90 ? 17.21 ±1 &.0?5

*CU•dllteral frostbite of feet, uting contra.leral uninjured foot

10. Otnka Controls

Nocturnal foot-su-at meaeuru-jnts of the Osaka controls

yieldrd valueos for the riJht and loft foot of 14.0 and

13.9 I t.o' per 11 houre, respectie-My ("A"" valua ef 0.276 .

and a P >.^70). Mhe rn foot evmt collhcted for 19 feet

was 14.0 -rt-'s. In each post-injury pcrlcd there was a

nignifie•-•it diff.oronce in the ream s•eat values of the

Ot "-i ecatr-ols and the patients with fro3tbite of the

feet (Table 19). The control cubject3 had a greater

srweat output than the 1-30 post-injury period cases which

6 indica-ted thm presence of a hypehldrotic state in the

frostbttten feet. After 31 days pont-!njuz7 the sweat

output of ths Injured feit .was significantly higher than

that of the controls. Th ;refore, ec-.vtre between 30

and 60 d.ys after Injury the frortbitten feet become

hyperh!drot Ic which pristed for at least 120 days.

776
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,CWAALFCN OF FWT &&AT RATz M1i" -.
SMA CCn. AND PATMTS WITH FEIBI=l FM FOP

EACH FOV5-ThJURY FE-I0D

No. Rean Pt
.,_ of. Swat _S.D. t P ..

I i.

Osaka Controls 1.8 14.00 - 3,2V2-
Frostbitten 1-30 79 11.86 4.993 2.909 <.0..

.- 31-60 94 15.70 .4.600 2.532 <.02.
61-1 17.I 3.761 4•8.31 <,001
91-120 4 15.97 ±4.031 2.1497 <.02

The mmat value for the Otsaka controls v-, s nmificantly

higher thn the value for the controateral uninjured feet

in the 1-30 p:t-injury poriod (Table 20). In the 31-60

psrlcd the rmat vYr-lujs for the t% groups of feet wore
zr-l•ozt idocntimel. Li tho 61-90 da7 parted the ccritralateral.-. i

urd•-,-. fcet h•A a siiffinemt27 hi.-hor vtlue thz;.n the

controls. In thi lant post-injury pe.riod (91-120) the swaat

values of the two Ercups vers s=.n ek•ilar end not siGq.df-

ic antly difformnt.

Cc•p:,•risons were made between the foot-sweat values for

the 0:-a!a controls ani the uninjured feet of patients with

froetbits of the handa (Table 21). Regardless of the post-

injur7 porlod there were no sigonficant diffarmnees between

thece two groupe of feet. It wold appeer that the cold

exposure i.vhch produced an injury of the hnmds did not

xkdly alter the oeting zechani= of the subjects feet

as dete-rdned by this mathod.

777.. .. ."•



, /

S.. . .. ° • , • .-

-.-... • .7 -.- -. .+--,-.--b.----.-..--- .A!

I

iI
eK

TAmS 20

FOOT Se,,•T RATE M MO.NSWS OAKA CORTRO AND
, MAATIAL U~rI.ME D MI"+.•T OF PATI1,TS WITH FROSTBITE FOR

EACH MOT-ItJ•URY PEMZOD

.s i ,, 1iWi Ft,
7" 1Fet Iof sirmnt~ S.D. t

0O& controls 48 14+.00 -+ 3.29)2 !

VidnJM',•d* 1-30 5; 9.93 -+2.60 3).238 <-CM
h 1,0 a -"O 14.01 .16 0.CifS MO

61-90 7 17.!+t-'l .11-05 2.014 <.05
91-120 5 143.5 7 2.C7 0. 632 >.50

TAP. .21

FMO S''ýT MrEPM-7"

&NSTbris C? -&; iCA;. 2%Hz : r.OiT-.ulJU3 MZ:IOD

ak t
Sof Z:D't t S.D.

@O~c.k•O'•rntrols AS 14.CO 3.292

V8
L'Uninjur•.d* 1-30 30 12.70 - 2.753 1.079 >.05

31-60 30 13.05 .12.123 o.-2A I >.Mo
61-90 14 I5,4i7 ± k 301 1.o691 >.20
91-12-01 4 15.10 10.672 1.6,00 >.05

,Pottients with only frostbite of hands

U1. Knox Controls

The 24 Knox control subjects hAd a ew' at output for the

ri',' ard left foot of 13.3 and 13.1 gra's per n. hours,

0 .•trespectively. Cof-.pariaon of those t:eo values gave a "t"

of 0.52k axr a P >.60. The mean ownat collected for 192

'feet ws 13.2 Cras. Cpt.prisons between the foot-;weat

value for the Knox controls and the froatbitten feet byS 1l
i +++ :+ +.-.. . ."... .... . .- '.'

•..: •....-..-..-........



pOst-injury period are shown In Table 22. The bn coon-

trols had a significantly higher sweat output than the

Sfrostbite patients of the 1-30 day post-injury period

which again indicated the presence of a hypohidrotic

state in the frostbitten feet. Frm 31 to 220 days post-

Injury the foot-sweat values for the injured feet were all

significantly higher th•an that for the control fiet.

These a•alyses Imply that the cold injured feet becaxe

tiyporhidrotic sometfrie between 30 and 60 days after

S* Injury. This findina corroborated the results obtained
1

using the Oska controls.

TAMS 22

FOOr S7.T RPAMr CQISO' X rk tIZNt
KNOX 0C.i'?:-JS AND P.MT1I7f3 U1.I M•CS71r3M or

T13 Fjs, ACOO.XDI%3 10 M-- M r"UOD

Feet of CAt &.D.

Knox Centrole 192 13.22 _ 2.381

Frost'bitten 1-30 79 fL.,6 ± 4.993 2.315 <.05
31-60 94 15.70 - 4.600 4.915 <.001
61-90 70 17.16 ± 3.761 8.1C3 <.001
91-120 41 15.97 4.031 4.214 <.001

"The contr.,ltiral unlnjurM feet hol a sisnificAntly

lower foot-sret output In the first post-injury period

as co.ared to the Knox control foot (Table 23). During

the 31-60 dAV pnrlMc~ the two groups of feet had similar

sweat output. Betwoon the 60th and 9(th day post-injury

"the sweat outpit of the contrahteral uninjured feet was

1 .........-.-...-. ,....• ... ..... v-'."....,.,.",•
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significantly htbighrtan, that for the control feet. no
significant diff4rance, however, was found between the

I control fest and the uninjured feet in the 4r-120 day post-

injury period. It would appear that the cold exposed

contralaterml uninjured fe4t uwdr.nat an %Iteration of

eI their sweating mechanim that wae not as marked or last-

ing as in the ease of frostbitten feet.,

I ?AMB 23
FOTSMTRATE CCTPAZTSCS Vrizf ~KNOX CC. ZiOLS ATID W:m1.UATLIM uFm:J T OF 0

PATMiTS W Ir A U#MU. AT L F . ,•BM1

!i ff

Feet ok I,-:at gr S.D, t P

Kno O(: Cntrolo 192 ! iN.22 _12.."1.

Uninjured* 1-30 1 9.93 ± 2.d.02 2.'717 <.01

14 Sm 1&.O1 - l..163 a,533 >.50
61-SO 7 ' 17.21 - -1.015 2.,t' <.0
-9l-1; I 1A.67 - 2.X7 1.2$? >.20

• [ Vantralatc•ral fo,) Mtd fro-Abi~te

Copari.~ons of foot-!*wo-t va1lies m~de b,!tixe 0he Knox

Scontrols Ani un~njur4 feet of cares with ro:t"b! of the
'"" ,: hands yielded no StenlfIe~nt .etffer-.mees (T..•ite 24). This

finding corroborated the rerults obtained us-l- Osaka

controls.
U.' C•c".prlso. between the foot-aeeat values of the Osaka

and Xnmox control sibjects %m.s* no satrdfrc•-t difference

("t"- 1.5Iu,, P >.10)ý
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* ~~~F=O 5=~T RATE COW4ARMSCi EZTWM2
KNO0X ODYI~QS AND UNIU- Fkzr OF PAIZT=rS WITH

FROSTrrZ~.0? TtM HANDS

* I 0 Id .0aen pt.
Feet of gewat S S.D. p

Knox Cotos192 13.22 ± 2.381'
ye

Uninjured* 1-30 30 22.70. 1 2753 0.979 X.30

6,31-60 30 13.85 ± 2.128 1.4~33 X.10

S .. 61-90 14 15-47 14-830 1-723 >0Q5

On2ly the duata for pAtients with a sidllAr bilteral degroe

tets. I arinlysis or vY.rV'nce iuaj ta.de for eaeh d1cgr-e.

The wa.~in ceurcoe of variation tde~h t.ur' conriieorcl 3.nclvjcd

tha rubjct* (3), tlhe tgur ti~t- Intervels pnO-'-irijur7 (T),

the ttve lomr ertr~4tnit- (m) riJthe 31x zoewri1 a",&* of

the foot. P as do-3cribid u,?',r *,-.hods (It C). Thq- anal-

0 yses for 6ach de.xae rtiro.'1! th-at the"e wigre siLrilflcatrt.

differerncT-i In tho rkin rccistL-nce mfa3aurrcnGft* b~twain

ths eubjlact,%, b-Aw~r the fotir tim.i Int'arvAls w4: b~tv-on

thd six p)AtAkn=s iitii1,.d. The rnt1,of the nqa

squa~re v'Iue of uuhjocts ('3) indicated tbat. t~he difrer~nce

* ~~in rkin rit.nefrc-i erie ;attent to t~he mr ýreat.J.y

ex'cedel the differmncis resulting ftr.t t~he oth~'r factors

enx~a~td. ih ntoerition.3 dao ho that the -,Jbjlcto

................................... IM*.



varied indepandmnt3.y with time and position. Because of

the extrene subject variability no further canparisons

were made*

IV* DISCUSSIOI

The over-all mean foot-mmeat output for patients with first,,

stcord PAd third d-.&ree frostbite was approxlmatsly of the sawe magni-

tude. In mczxy patients the frostbite lesions were confined to a single

too,, with the majority o'f the foot apparently uninjured. for exa'pls*

a patlunt rAi-ht h-mo a second de,730 lesion of the Medial adpect of the

Vrent tc.a plus a firs.t da&,roe of the diotalI third of th* foot. with the

rcn~air~or of the *Am-xit~y uninj.b-d. Leikdsol, a patio-it would have a

third &Zmae fro~•tbite of the distal ph&Lenx of the first and second

tole, nr~r the proxL-1l ti'*-thirds of the mztm-tty ko3uld appear o±l

TL t.P4111 rxt:b~i of* tyiat gl!'ndua or t". foot affeetcl b7'cold injury in

thw:-o eicc.xa h..-o bisc.a v,,ill ~zA pr-mrýbly tvwxld not, h~ve &lt,-red

the cmr-ýCt wi-jt outriAt of the entire p,.rt. In this Bto-4, petients

w.1ith jxtwtv tiezue &.2S w;r2r nmt si-arated on the U~sain of atrea

inrolvc- mt troi thnos cenos of li's dc-groo who had 3ittle tissu~e ins- )
vaw-lvint. The gratping of caues on the b?31s of degree of severity

b4ut. not taleing into eccount arca inmolveriz_-nt may have uasked altera-

tions in foo_-~-,:at output hence the s~iailar values for 3011 three

degrees of injury.

T~he finding th~t frozstb~tttn a".c un!_njured feat at a Ang~le

patient !id e~v~nW.Atly the nz0 n-!':'vt outPut z-i~Sht also bea

Jef:LeCt5.Ci of the mal3l wrivn-ir oft 3f1tt Clordi lnjurý-d by cold.

Thep plantar curftve or tho foot coP`.dnan ri.ny7 sarLa O~leM3

i-'hlch mnirI~ cni to ý7:jtional utl:ault. Tho dccetý-l or the foot
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is supplied 'with fewer sweat glands which respond prfrarily to heat

sti-slation (9). It is recognized that psychic influences, being

uncontrolled in this study, could have influenced the sweat measure-

ments of all th subjects. No attewpt was made to evaluate the

Influence of the emotional factors.

The lack of significant differences in foot-swat output

between the White and Negro patients was interesting In view of Clark's

Sand Dkionts (10) sweat gland counts of the skin of the plan".r our-

A face of the foot and the palmar surface of the hand for these t-.o

S j "-, races. It appears that although there is a difference in the number

* ' of sweat glands present in the feet of the United States White and

Hegro races, this difference iray not be great enough to produce sig-

* nificant variations of foot-swcat output as measured b• the uethod

eJ:plo•ed in this study.

The Innervation of the swe!at glands is well known. They are

supplied trb nerve fibers h1hch are sjipathetic in structure but

* cholinergic in action. The sympathetic fibers to the sweat glands

of the lower extrea'ities arise frri the tLoracic and upper lumbar

seppents. A bilateral lumbar s:.'_ thecto.-.y performot for hyper-

hidrosis of the feet ussumlay results in a loss of sweating in the

lower extremities.

In this study of frostbite the pretence of a trlxe anhidrotic

phase was not clearly defined aince no conclusions could be madc on

the b-•As of five anhidrotic p.ti-entn ("ee III A). There five pa-

tients may repre_-ent the extrcr.e. In first, second and third degree

fro•Abite there may be direct daige to the sweat glamis by cold, but a

d,,' re-jion of art.vity !n the loc-il •y'•:2.tlcth c tnrou t •yat'*'- within the.

S... •,•'-'•'•%" •,_,,.:•-J........-..,'.....-.-.-.-.,.........,,..,..-..,.-.-".....'..-..-.....,...-,-- ,.. •: "..',.



foot Itself soma a sore feasible explanation* This depression of

sympathetic activity resulting from cold causes a reduction in footo-

sweat outpuxt which lasts for at least 30 days after fnjryw7 The

mechanila of the depression may be slzailar to that exerted by a sym-

pathetic procaine clock. The progressive Increase In sweat Output

fras 31 to 90 days after Injuzy might represent a rebounld phenomenom

in the Wpathetic activity either through a release of,, or recovery
frors the &,irlier dewpresswint effect of cold. It would appear that (
In first,, second and third 4,grae froflbite of tho feet, even though

the sweat Candi agt not b d.amaged by cold$ the activity of the

h~atieti innaryttior' of the Sla~nd mig~ht have boon altered. 81-41ar

alterations, but to a lesnor extent, were Indicettod in the foot-afeat

1<rates of contralater3l uninljured feat of theet wihuiaea

fo~or moqefc fte oda h et ;judu~~y re

*rires1Wni h3I~eVopsno n oto h ujc was

A km ,ta h ausfrfo*te oto thosee of .tralateral

uninjured feet.

Oft the basis of c&.pariscn% of the r.2an fo~stvalues for

the controls and the frontbite p.ticnts tvndaprU* tt

of kype-rhdroniis of the frostbitteni foot elovelops ac-:.:!vers between

the 30th anid Ma~ diiy aflter injury. Ao,.r lor.1 ba~c- 120 dvlY3 Post-

*injury this eq-rhidrctiC atatei ycsiets has riot te9on daetrained yet.

This state of hypirhidrosia was prese~nt in all thrtoe dogrees or froist-

* ~bite amd to a lesasir eir~tent in tho cold exponed but uninj1red feet.
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Although a true state of anhidrosts was not established for the majority

Stof the patients studied, the early foot-sweat values when compared to

those of the Osaka and Knox controls showed a significant degree of

hypohidrosis. This would suggest that very early after injury anhid-

rosls might be present.

The Osaka controls approached the frostbite patients as a simi-

lar population in that they also were hospitalized and were semi-

ambulatory, although the relative degree of ambulation between the two

groups was difficult to determrine. The Fort Knox controls more nearly

satisfy the criteria for a truly noziral population. In this latter

: group, hcmvor, rigid rostrictton of activity to the deýree encountered

among the frostbite patients was not raintainei excmpt during the test

hours. Assraing that aw differonce in activity between the two groups

was srill it arpoars that the tqpiractivity of the sweat glAnds in the

feet of the frostbite caces was real.

" "k.in roota~nco m~ar.nnts wvre -de in an attC:pt to provide

a,,itloi.l objective evidence of the do.Iree of hyperactivity of the

, sweat gland3. The mearx.z:tnt of skin roblstance rzy be an Indication
" of the a,-,otit of vnderlying s',rat J,1nd activity only for the i•rmedlate

area to which the electrode is applied. .%-.e of the inh"rent diffi-

cultics in using the dern.cr:etcr were: the erploring electrode was

sensitive to rmnual prcqsuro, rotption of the axis of the electrode on

a given point resulted in differcnt values and the rcpcated placing of

the eloctrsde en a giv-ln point resulted in dif re&it vlu.~s of skin

* resistn'-e. To min-i[ze these errors only one technict.ul took the

m-ýsure,,nta throuqhout the study. This technician atto ptod to use

the s"mte degree of pressure on all points ke-!ping the axis of the

,7C5 -
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electrode constant from point to point.* Because of the above technical

difficulties and the extreme variability of the skin resistance data as

shown in an analysis of variance of the different factors* it was con-

eluded that such measur-ments by this technique yere not of value in

this study.

i . •-:'.• A,!,'-•.c•,,u'c•: •- ...

Results of the Hinor Starch-Iodine test on 73 patients, five of

Am were initially anhidrotic %ere rtported. Foot-sweat we.avutrcnt "

studies .nre prvscnted for first, second pW third do•mea frostbite

patients. C .ari•sns were r.-de a.'ong patients hainvl fro.atbite of one

foot wil no Involver.ant of the othar foot and ca.es with uninjured feet

but fros-tbitten h~ands. The reulta of foot-La• t dotermivn.tions on 4iB

controls were d¢cuz-d. The relatiothip betýJsn extent of area of "

tiseu3 d irrar r ::ivo of clinical dorct, of frostbite, ad altera-

ticn3 In r.,-at output i:.3 dv; cu!.34. Tht factor of racial differences

in zuw-ct oitplat t-s con:1derti. Pertlts of r:kL' re.,ist,-nca studies on

soconi, third •-•d foiu-th d..,,;r,3 patients %ore di3cussed.

The conclus.ots of thA.e Ztudy •,cro as follo's"

1) The so::at output for tha riht end left faet of all sub-

jects was not s--•nificantly different.

2) The i ,o .unt of fcot swcat collected v.s not significantly

alt-.r-i by the de.r•e of frostbito.

3) Tbi foat-b-'at rte-s for frostbitten feet varied directly

fro,3 tiFj poit--!rijur-$ up to 90 da7s.

4) The divrnal fuot-swe.at ratus for fro-tbitten feet were

hJ.!her than thV ncCtur.nAl Pn.tsure:isnts.

26o-o... ... %'-.' .'..'. "-..-..'..'..'-. .? .. ,',....'- .-. ". .. v '.- , . .- . • .- .- " . . . . . . . . .
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i 5) The foot-sweat measurements for White and Negro patients

were not significantly different.

6) The foot-sweat measurezents for patients with bilateral

frostbite and patients with contralateral uninjur~d feet
I. t

were not 1,gnificant.7 diff.ernt.

1. hen compared to the s3A& anad Knox controls the frost-

r.bitten feot cero cocrctdrot•,a for the first 30 days after

inz cjury and hs-rhtdrotis fro 31 days to at least 120

• ~~~It inrc•:~c that future studies of the mechtnivr of Mmat- "

; •iir follmiinrg a cold injury should determie: :::

S~1. Tho euxtent to which rv,ýt glands ma to dgcl arAt the""

rate of recov.-Ty of cac'ctory1 activity for tho differont'-:"

dcs•-ces of frren'bite.

2. To re• tionrhip :ti::tn :9 tthttic nerna lnjur7 and

alt.oritiona in saat Cal rctivit7 for all ee-rees of

frostbito.

3. The iffect of vapor tzrriprs in relation to suppression

and/or reab-oription of sweat.
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COLD STRESS STUDIES ON POST-FROSTBITE PATIENTS

PART Is Skin Color Changes

I- INTRODUCTION

It has been noted in the past that patients who had sustained

injury of their extre-ities due to cold were thereafter abnormally

sensitive to re-exposure to low ambient temperatures. This series of

observations was undertaken to study and record the objective changes

in the skin of a previously frostbitten extremity when that extremity

was exposed to low enviror-.Ltal temp-er.tures, and to observe the

effect of various sy patholytic agents on these changes.

II. PYJTHODS

'The study group was comprised of 72 United States soldiers who

had Incurred a frostbite injury bý;ti.:n 23 tovember and 20 Ducc=ber

1951. Fru.m the tiz:e of initial e-'.vaet-on until the initiation of the

cold stress ctudies thn pationts wvre confli.cd to the environment of a

hospital w-rd, e'i th,3 a..bient te-.:,-erature ranged betweon "0* and

78" F. All subjects w-rn ambulatory an'l their frostbite losions were

hhealed, in that intact viable skin covcred the foteer sites of frost-

bite. The ages of the test patients ran•,nd from 18 to 26 years. The

"len-th of hospitalization for the T.:ib-rs of the study group•s as of

16 January 1952 rang:ed frro 30 to 50 day., Seventy-two patients were

obiervcd between 16 Ja:t.uiry 1952 and 15 Arril 1952 for a total of 325

exposuros to an e.nv1r!,.-..ntal te-:.ý,rattre of 500 F. Of the 72 patients,

0
33 were Cal.ca.ian, 35 '::gro, and foar Pucrto Rican or Latin A-,erican.

For technical reancne th,.te hve been c,'i,-,bned into two groups, non-

79,
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.1.

pigmented (Caucasians) and pigmented (Negroes plus Puerto Ricans and

Latin Americans). The distribution of these two Croups according to

*its and maxminu degree of injury Is shown 1n Tables 1 and 2.

TAMLSI

* . DI$RIBUIOM OF 33 N01-FIGZ1ýTO FROM M.? PATIMITS

rotO srr 26~ PiAXt Nz -~i 07 1niNJURI

0 ax. D~tgree No. of !:0 ofVg:to. of 1:0. of Mciits
711 b2~~i'r~ R~ rP3 _______ nurAb ý!-i

No Inju~ry - 100 -26

Firet 1 102 -I

Seccnd 13 37 629
Third 12 21 11

IT: J26 260 7 70o

TA MtZ 2

DI~1?LU CPJC 39 PTO1 i.T PT~~1.'T".43 MTHl
* . L. TOwi Sn1.1- 1"'X LrI t:.;.:; C2 zNJMJ~

1v-t- 'ý4.i Y I - 14' M
V: V l. of 1'o. or L:Q"ts ::. of ;!0. OC' b"3113s

no flnjitry - 6920
*First 2 in8 62

fSr',cord 1n 33 10 4

TOTM 25 j 250 14 1A0

Then* patients after lnging exposed for the first time when the

lesions were coc~red by nqw intAct viable bliflD, were re-ex~posed to the

cold at Intervals of 5 to 14 days for the duration of their hospital-

ization. The cold exposure observations ranged froms 3 to 20 weeks

k
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post-injury. Some patients were exposed only once while others under-

, • went 12 to 14 exposures.

rThe patients were clad in cotton pajamas and were placed supine

on stretchers padded by two folded blankets (eight layers) and a sheet.
They were covered by a single sheet and a single blanket from their

chins to midway between the knee and ankle. Those having had frost-

bite of the hands also had their arms (from the shoulder down) out-

.( side of the blanket, with their pajami sleeves extending to the middle

of the forearms. Feet as well as hands were observed in these cases.

All subjects were allowed to equilibrate at a room temperature of 68

to 770 F. for one hour. They were transferred then to a constant

temnperature room previously stabilized at 48 to 52" F. and left there

for 1-1/2 hours. Following the cold exposure the subjects were re-

turned to the pretest environmeriL and observed for three additional

hours. Observations Included:

*.- 1) Clinicnl observations with respect to the type and

degree of color change noted in each digit.

2) Oral temperatures just .r'or to entering cold room.

3) Oral temperaturoes jut.prior to leaving cold room.

4) Oral temperatures 1-3/2 hours after leaving cold root.

The color obsorvations during room t.emeorature exposure were

.ado in indirect sunlight and during the cold expoture artificial

light was employed. flubjective senst.tlons wert. recorded only when

they were mentioned :;pontaneously by the atient. It s:ould be.

nentiorei that obo,:rvPt,,rns on the darker pit7.ierited ra'tir.ts were,

n ceriarily, restricted by the pJ1 .. nt, but fro-qu-ntly iras of d•-

TV kM 79.', j .'777*f' 7 .. .
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pigmentation were present at sites of previous lesions, facilitating

observation. Subjects were kept supine throughout the procedure and

were transported to and from the cold room on the same stretcher on

which they lay during the entire time. All observations of color

changes were made by the same observer.

In an attempt to standardize the classification of clinical re-

sponse to cold as observed, an arbitrary geadation of color change was

' used in the results to be described below. Thie. types of discoloration

were noted; pallor, cyanosis and a color considered to tte a combination

-I' ;of pallor and cyanosis and designated as graynoss. Since all three

of these were blUeved to be evidence of vasospas in one or another

portion of the pre-capillary or post-capillary vascular tree, they

were considered together in the analyoia as air-ply deviations fram the

normal pinc color of woll vascixtariccd c"in. The color deviations

• + . were then broken dorm into thrae goupir~ e accon]U3 to severity of

* , response, i.e. mild, modorate or mrr'ced, and ucre further broken down

according to the exposure timse nrccesery to brInZ about that change.

The gradation in %r-zxu test color" reeponse can therefore be defined

•.as follows, in what was conside-.vd declining order of severity:

1) Marked color deviation occurring during fi-st half hour

"I ,of exposure.

2) Marked color deviation during second half hour of ex-

posure.

3) Marked color deviation during last half hour of ex-

posure.

,) YMderate color deviation during first half hour.

.......-.. + ...... " %..... . . . . ... .. ...... .7.0.
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5) Moderate color deviation during second half hour.

6) Moderate color deviation during last half hour.

7) Slight color deviation during first half hour.1 a8) Slight color deviation during second half hour.

9) Slight color deviation during last half hour.

1.! 10) No color deviation from pink or flushed.

When data were m.all in number of cases or when the time factor

had to be omitted, as with evaluation of drugs givin after the patient

j"had entered the cold room, groups 1, 2 and 3 were combined as simple

""arkea deviation", groups 4, 5 and 6 as %ioderate deviation" and

groups 7, 8 and 9 were combined as "slight deviation". Group 10

forned the fourth category of "no change".

Technical difficultie.3 encountered in the perform-ance of the

cold strejs studies included-

1) Difficulty in mixirv' the air in the test chuiber to avoid

local temporatura variations without encountering the

factor of increased wlndchill in certain areas.

2) Difficulty in obatnining optiirnl lighting conditions for

evaluation of skin color wil.hout prodiicit,, excessive heat-

Ing of the rooms (Flitorescont lighting is not desirable

because of the duk.' hue it imparts to nor-rally pink skin

- and mtucou' membrane.

3) 71hn qb.ious hunrn error cf rra-ling coi-,r change was r-Tt

Sa •l on',. IL- w~'zld b••ad vnt agccous to have a more

* cb~.ective ,nethod.

In .'-,tItion to tho control ob:.r':;.i'~n. (crod *•x: •:.ure ob-er-

7..5

7 -7, 7' M..



"* I

vatior.s uninfluenced by drugs or sympathetic blocks) randady selected

patients were given either intravenous injections of priscoline, hexa-

methonium or a unilateral lumbar sy=pathetic block Just prior to en-

tering the cold chamber. One of these drugs or the sympathetic block

Was used to produce vasodilatation and possibly alter the pattern of

akin changes. A group of 11 patients was given a 25 day course of

hexamethonium in the do0e of 50 Mro. intramuscularly every 6 hours.

They were observed in the cold room on a dontrol run inzcdiately prior

to onset of tharapy, twice during the course of therapy and, %hen- ]

possible, a week after cessation of thsrapy. Another group of n1

patients was similaily obs-)vrv "•urir• a 25 day course of prlscoline

(50 acn.) aeministered orally four tlz.ase a day. 1Ever, daterrination

was done during the sam-. hours of the day (0733 to 11.30) and with

the sare relt.tion to meals. Fach te-t zbjact ",s re'trictec to the

hospital after 1700 hours the day pr-.tr to teJtir., The nt'Uor of

cigarettes "cke'd by the ptlt prior to tastir., tas not restricted

but that ntr.ber w3s reccrdl-d. Ito -.. c was rLc..ittcd dvring the

proced're or the equilibration pe-riod b-foro cr a.fter the proceiure. )

Move?.ent of the extrc'AtIes and body b7 the patte-t va3 atrontly and

consiat~ntly dizco.ira•,ed darin3 tho tst. procci'.-I, but could not be

wdvoroa.lly prevented.

III. R7J17iLTS

Of then 325 dt•2tr~dn-ticna analyvd, 149 v',.-e cc:itrols, 30 were

det.•.n.Ot Ions Influc•nced by urdlate:.l 1I-:t-lr ;-.-.athetIc blocks, 80

* .' ware dote.-:zvrnt~o:i3 In which hcz• cth¢.i',..i was u::(l trnd 66 were de-

tern.itlono In -Aich pri.-coline was cr-•loyod. -,eco vill be evaluated

.. . . ... ... ...-..... :-,...... ..... •. ::. . .... . . * : . .... .-.... ,.. ,- . .. , ,. ..... ..



separately.

A. General

Pain was a relatively insignificant corollary of the ex-

pos're, to cold. Yany patients only complained of pain when

specifically questioned. Their discomfort usually was mani-

tested as a sensation of general aching or paresthesias

S " : ("tingling" or "needles and pins") of a digit or of the entire..

Sdistal portion of at extremity. On the other hand, pain was

sufficiently severe to cause a spontaneous unelicited com-"

plaint from 24 of the 72 patients and during only 36 pro-

,cedures of the 325. Whn discomfort was mentioned by the

patient, however, a highly significant relationship was

demonstrable bý.twleen the location of the pin and the severity

of color deviation at that site. Table 3 shows this relation-

ship bry comparing the color deviation of the digits cau-ing
pain with the color deviations of the remaining digits or. the

M"Ae or opposite extrenity of the san.,e patient during the same

toest procedure. It is worthy of note, however, that 58 digits

without obvious color change were painful.

TAPLE 3

, ,CO".XOMU. COLOR T:,-PO"S7 WITH PAPI
VI DGM =;.1 COID STRF.SS

lt•+b-•Color '-oot ' i its w'.odIDs t ,_,hout, '
4n

7 2
"OTO'% LI ; I +8,.chi square -8.9"

P <.01

SD'lzit. in t, he .- ptA!ent wh.o co :..li'i-ed npfont.\neounly of

.6



* 3Sim1alyr, a definite relationship was established between

the severity of injury of the digit and tho site of pain.

In other words, when a digit caused pain on exposure to cold,

it was more apt to have been prsviouqly involved in third

depse frostbite than in second degree, and more apt to have

been second degree than first degree or uninjured. This is

shown In Table 4. It is to be noted again, however, that

27 digits that were tininjured were painful. It is believed

that thee uninjured digits causing pain and the previously

mentioned painful digits Mhoing no color change can be

. easily expladned by the poor localization of pain bj the

patient.

TABLE 4

crr;RO 0 .7"VBTIM WITH PAIN
E1 D~iGNS V;L3 c'1 CCU)rZss

Of -C~tl I dth I without

-'2,-

* . 4-.' f'-:-19 _ ____• 2- -... -

chi s'-yrara 7.15W
P <.0i

W elit.* in t•s ec- patient who complained spontaneously
of pAin in o•her digits. L..

*Non-injr•. di.-Its in frostbitten subjects.

When th~e patient cm-plalned that the entire foot and all toes

ached, this was recorded as pain in all digits - thereby

occaslcorn1l1y L•.cludlng nco-injured and non-cyanotic digits

together with the injured and cyanotic ones. In spite of

798
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"" this error, the figures proved to be significant when sub-

.-.. Jected to the chi square test.

B 3. Control DetermirationsI. Of the 149 control procedures, l4 determinations were made

on the hands of ason-pigmented patients, 48 on the feet of

•on-pigpented patients, 24 on the hands of pigmented patients
* S

and 63 on the feet of pig~ented patients. Th.-se control

"- observations were interspersed between determinations using

various dru~gs and procedures, and they represent a follow-.

up of certain patients over the entire period of the 13 weeks

during which these tests were performed. The tests were

"* perforuea frcm 3 to 20 weeks post-frostbite with a nean of

10.1 + 3.2 weeks. There was no correlation between the

"everity of color change aud the tIr3 poet-frostbite at

which the procedure was porforved.

Data were obtained on 112 procedures regarding the nvzber

of cigarettes =oked during the period of tim3 betyeen the

hour at which the patient arose and the tUe of the test.

The range of cigarettes wokcd was from zero to five cigar-•

ettes, with 97 of the 112 (or 8715) having soked two cigar-.

ettes or less. No correlation was entablished between the

nun-.er of cigarettes ,n.oked prior to testing either for the

pigrented and non-pirented groups or the severity of the I
color re,--onse to cold.

In order to correlate the decree of fro.stbite with the

severity of color razporose to cold, the control data were

N-.
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selectively analyzed. Since, as mentioned before, the um-

injured digits were difficult to evaluate in the pigmented

patient (previously injured digits had depigmented areas

whereas the uninjured digits had no such areas), these

patients were excluded from this evaluation. Sine, there

were ioo few hand caces in the i1on-pigmentod group to be

analyzed alone, these were also discarded from this analysis-

Instead, the data obtained frcm observing the feet of these 4"

hs.nd casee ware cdded to that obtained from the nm-pgLmented.

foot cases in ordor to increase the nuiber of unminJurid digits

na.'Lyzed. Thus the anmlysis was of the feet of 62 nons-

piI7.ented patients and thereby includol 620 id-ividual digits

varyin,. in doogco of Injury frc-i none to third degree. Thore

was no sicniflc.,nt cor,-olation de-3onctratod be-tween decree

of injury and covýýrity of color rm~ponco in t4e third, fourth

ani fifth dliits. This is rc.,dily cxpnlairnble if it is noted

that almost all of thoao dialts ,ore u..iinjured or hA= sis-

tamned only first denm.s lesions. Only 11 of thest 372 digits

had had second degree lesions, and only two had had third

degree lesions. FurLferrore, since the-se miniimally injured

digit s were, in MWny cases, on t1he a-se extremity with more

severe lesions, little attention was given to them, and the

distinction between first degree frostbite and no frostbite

at all was questionable in many instances. Thus, too lack

of correlation is not unexpected. On the other han!, the

first And second toes, -which were the nore severly frostbitten

e~o
I%• R'*" f,



digits,. shoved a highly significant correlation bet~ween ths

as demonstrated in Table 5.

TABLK5

CORREIATION MIM DECREEZ OF FROSTBITE AND MAXIMUM(
00OWR RESMUS3S OF DIGITS 1JNfl COLD STREWS*

Total
: Degree of Frostbite Melts Msevxe1rt ro Color Response _

Digits IDigits [Digits IDigits
(Great Toes with jwith with 1w thas emonstrate j nTerateaj c-

It OT-nur'rn* 12 10 j
_________4 2 a 1 10

Total ___ 1_ _ 1 R 3l 7
Coafficient of Correlation - 0.3010 - i
P <.01

Socond Tc's ."

511 -1-30 2212 0
Ft;_, c1,•t ". 1 _ I 2_0.)

Total 1 I 1 56--f-477 1 17 1

Caefficicnt of Corrclation 0.4343
P <.Ol

V ..hite pV:atents - control deter.:-Pztions only
** ltcn-Injured digits in frostbitten subjects

C. Lu•b•r Sympathetic Block

Thirty unilateral lumbar sympathetic blocks were performed

on 27 patients, blocking the sy-,pathetic ganglia at L-1 and

L-2 with a cc-bination or procaine and pontocaine. Three of .

the-ne were considered unziuccesaful blocks in that they failed

to produce the expected warning and drying of the blocked

extredlty, and repetition of the block on the same individual

801 a .. "*.
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was more .ati.factory at & subsequent date. All block&

were performed fron 5 to 20 minutes prior to entering the

test chamber. Of the 27 successful blocks, 12 were of the

right and 15 were of the left lumbar sympathetic chain.

"Eleven were perforzid on non-pigmented patients, and 16

were perfoin-d on piomented patients. Three of the pa-

tients shamd no significant color response to cold during:pt

thoir control teut, so could not be oepected to derive

benefit in that respect frmu the block. Table 6 compares

* i the =-==4 color chances of the re.'inirZ 24 cases during

control dstaraitions wisth the r,•.axft color response

th3t ecvrolopcd in the blocked extreMnity during exposue "

to cold. It, should bo noted that in all case-s but one --

in -.!Ach a color chtnao occ.irrrd, It took place during P.

Sth3 lost half bcur of oxp.uro. It wue quite likely that

e~of thace occxL-red after the eZfocti'n, poriod of the

ST.P.,14.1'"bic block. In opite of this posr-tble error, the t

e•.•atitics rendined hihX7 3isnificant whan subjected to -C

the *to test.

A sL-,-dficant cida effoct of the Yasodilatation which cc-

currrA in on extrcrdty during oym thetic block is demon-

stratod in Thble 7. It ccp~ros t'.e change in oral temper-"

aturs (difforonce bztr:etn yretest oral tenperature and oral

tc-:-.'.ratlwe tW/n just prior to leavi~ng the cold room)

thit occrrtd in control detorminations with that which

occurred when a ltuhar syapatheti,. block was performed

802
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TABLE 6

CMIPARISON OF COLOR RESP.OlN• TO COLD STRIS WITH AND
WIOoVT A LUtr R SWPATX.IC BIOCK

Total
Maximum Color Response* 'Patient Control" Blocked

ur nSlt h.-lf hour 1. 0 ____0 0

Marked Chan r2' 0
_"_ _ durirm J_-d bilte hour ( 2

•du 13t hlf hr 0 0 0
Moderate Change .- il 1!ir" cur" .0

(d.,- .z' -t _ _-----

"____ FA hfý_____ (~ 1If 2~ ~ ~ _ _ _

. o Channe (10i I0 0 10
Total . ,, " 2"___

* Rislan Mpxim=~ Color Res~ponse

t - -4.7302
P <.Ol .._-'-_ _

Most marked color chz o ecuong all digits of a given pationtt irrespective
of degree of inlur...•-.

oControl dtorfi~tions on ,ce patients on different days.
*V* Block performcd on aaco extrcr-lty as that showing r.axLnum change duri.g

control obsoervation.

just before the patient entered the cold room. This phe-

nomenon of differences in oral te.peratures was to be ex-

pected since there was an interference with the normal

temperature regulating apparatus which caused a loss of the

* heat-conserving vasoconstrictive ability of the blocked

lower extremity.

It is apparent from these results that the sympathetic

nervous system is, in some way, involved in the local pathophy-

siological response to cold that is exhibited by a previously

frostbitten digit. The exact relationship remains obscure.

J.°
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TAXZ 7

tARMSON OF ORAL TZPMTURWS DURING COLD STRMM VWf.
AND WITHOUT A LMAS 'IR SPATHETIC M=CK

Patient Temperature h e Temperature "ange
M .- Control Blork
0 3gO2 .. 0.4 F.* -0.3•- .*

--.- 9 -0.2F. I -0.90 F.
0021 4•-" .•. -o.9- F.
C034 +.0.. 1- 0.0

- F.I -.- 1.1 F.
0.0 j -0o.. F.

00. 0 -').'_ .5' -0.6 F.
0052 .-0.60 F. 4~'F
00;3 F -0.59 F.

* 1 *F....... .6 . ..F .* "
A '9 I -0.40 F. =.6- F.__•'.2 457 F.z• - F,, ._

C0372 40. 1* F. .0.8' F.
-0.1z~3, F. AO.1n F...'P..!.6 F

P 405ý
A Vzluss uith (+) sian rofor to rires in oral tcpettumv;

those uith (-) nign refer to drops in oral tczqrature.

Several posvible exwlanations present thtmselve3 for ionsid-

eration. .

1) Local cooling is known to produce vasoconstriction

by the drect action of cold upon the smaller

blood vessels. It is possible that as a seqm.-la

of cold injury the threshold to the cold stimulus

of the vessels in the region affected is lewered.

This local hypersensitivity by the arterioles,

capillaries and/or venules could cause the abnor-

meal reaction seen when the previously frostbitten

extre~nity is cooled. .- ,-q-hetic denervation of

the limb, by increasing .it, blood flow thrmzgh the

involved part and conseqoiently zaalntainlng the

804
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temperature of the blood vessels, wiould prevent the

cold stimulus from becoming effective.

bi 2) Another possibility is +hat the vessels injured by

frostbite wre hypersensitivo not to cold but to

imnrilses from the sympathetic nervous system regard-

less of their exciting stimulus. This would explain,

in addition to the reaction induced by cold, the

tt

- abnormal color changes In the digits which accompany

strong emotion or dependency.

SDo Hexamethoniu.

Hexamethoaiur was studied in three different ways in an

attempt to evaluate its ability to change the skin. color

"response %f digits to cold in the post-frostbite patient.

These three studios will be considered separately.

1. HelamethonIe Prior to Cold n rpouure

Thirty-two determinations were perform~ed on 29 patients

* of whom 14. were hon-pigminted and 15 pigm~ented. Five

were band cases and 24 ware foot cases. All but three

* of these received 50 ati of the drug intravenously

within 5 minutes before entering the test chamber. In

these three •nstances, 75 mtee were used on a subsequent

occasion after 50 man. failed to produce the expected

response. Of the 29 patients, four showed no color

"deviation o- control pro.nedures, so corld not be ex-

pected to b anefit with respect to color changes by the

•,drug. In Table 8 ies deoreetrnted the higtly significant

i hs he ntncs 0*.wr se nasbeun

...................................... f.i.ed...prodce..h....e.te

".....................................
"-.. espose.Of te Zx p.tiens, fur howe no olo
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I difference between the color chwge these 25 patients

showed when hexamethonjim was giwn prior to the cold
exposure and the color change the same patients ex-

hibited during a control determintlon.

TA= aS

CO?:PARI=C C? ~Imut'-mu! (pExMvi wru~rON=
mTDEviArxo:is In •XG-AD TO CLR Rem'o TO 0(o= sms

r . Total

M axzim= Color RponrI 4 Patient Control..* Prophylactic

S 0 0
1Ltrked Chan~o (t*',riv'1T r: 0", j ~• 4!'. 1.••-1 : i ; , .• '- ,? • . 2 ...

M odcr*.¶ -ch~nse t"'r',:- cy'"• -;•: 5-.]j -; 2 -
- -lr. -:ý 2L . . . 2

SlMCodev o Change5 4, _2 1) .

,or ~ -~tJ~'~1' .Ca 2 2 0
_ G)O 2-1 0 21

,-P <.01

! R.'c•-• to t~h op/ g±v,,n ir',,avcr:ou~ly within 5 mit:r~t bofore entering
cold rocz.

.* "x', color re.-ponse refers to tho most tark:,d color changs among all
digits of a giv:n patient irrespictiva of d-gree of tijury.

*-* ConLrol do-terni-.ations on saneo p.tients as thams treated.

*, .Referrin' to Table 9, it is noted that in ccomparison

to control deterrdnations on the zwne patients, thhure

was a greiter loss of body heat d&ring exnosure to cold

after treatitent with he.-vaacthonim. This phenomenon

0w�as certainly to be expected ,..in the norrial toveptrature

"re7U]At.nk, acparatus was seriously handicapped by thi

* . j. N:&*;-ýA A°
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"loss of its heat-conserving vasoconstrictive abilit7

during a period of exposure to low ambient temperature.

The effect was more pronounced than that observed with

lumbar block, probably because the latter represented

, £a much more localized vasodilatation.

:= i.TABIR 9

. COMPARISON OF HEXA 0OIIUY (PR. -FVStq) WITH.
'S• - CONTROL DMMIDIATIO;S IN REMARD TO CHANGE

.- -' D. ORAL TZAPMTURE DURING COLD STRE.S

Patien t Temperature Change Te.mperature Cha.e
N -ber., Control I ex.'thoniu.•

li~~ -0-•-• .•.20 •F. -- • -1.4* F.+*•=

"__ 7.I -0.20 F. -.3.l. F.
C0Q1 -O., 2 .- -2.4. F. -

" 025 ".0.0 -1.0 F.
00ZI +0.* F

-0. F-1.60 F.""-'3 -o.F. -I. - .

"" 00i2 -0,. .. -I.6° F,

" .0.2' F. -1 .8 F.
C 1-• +- .9- F. -0_ 9 .'.

-0.20 F. -1.20 F.
01o;8 _-0.9 F.' -2.O'F.

mL . .j9 .10 ,o F. -1..6- F.
. "- 3 1 -0.2 F. -1.6 F.

C1 f .. .0.2' F. -2.2' F.
oG3l .0.20 F. F.
I.en Ii -O.C9' F. :. 42 .F. 640 F. LO.610.F.

t - 8.6254
P <.O0

SRefers to therapy given within 5 iminutes beforo entering

cold room.
* Values with (.) sign refers to rise3 in oral temperature;

"those with (-) sign refer to drops in oral temperature.

2. Hexamethonium During Cold Exposure

Eighteen determinations were performed on 16 patients

e iof whom 11 were non-pigmented and five were pigmented.

"Three were hand cases and 13 were foot cases. All but

two of the:;e wr,! ,,ivest 50 mqm. of |,.!x.vnetonimn

L..." '...-.



intravenously between a half hour &Wi one hour after

they entered the cold room. The rculning two were

given 75 ngm. on a subsequent determination: after

failing to res3pond adequatelyr to 50 ,up. An attem~pt

was made to evaluate the improvement In the skin

ecoor as a result of the therapy. In Table 10 the

maximum~ color deviation attained prior to therapy Is

j ecompared with the minimum (or most nearly normal)

color deviation after therapy but whuile the patient

was still in the cold room. In some Instances it

was suspectod that the patient was removed froCm the

room pr-ior to corplete disappearance ef the color

response. In rare instances the color improved after

therapy, giving the recorded minfxum color devi1ation

and then prog-ressively beco.rdng !torso &alan before

* ~the patient left the cold rooms. 0*l three patients

* showed no Improvement, three patients showed definite

but inconplote disappearance of the abnormal skin color

and 10 showed comiplete restoration of normal color.

The change In oral tempgrature (Table U1) resulting

from the administration of hex~rnthorium was signifi-

cantly different from that obtained In the same patients

on control determinations. The difference was not as

striking as before, because there was a shorter period

of exposure to cold subsequent to vasodiLataitiOn.
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TABLN 10

ALTERATION OF COLOR REIM9SE TO COLD STRESS
FOLLOING AM4INSTRATIO;; OF HEXAM1 1ON1

Patient Skin Color acin Color
NwnFUmL•ber ore Tre.-.ent After Trc.atment

0005_ Yodorato None
009 , r1i'ht 2) on
0023 r.ed ll•r1cd ,
00 1V,•OJ ,-d I dnr,.te 3
00s32 ":i -1ht 2'd:'" 1.

(C12 Z, 0 1ý a ' 1A
2

aCter color t:•,mo J '.3 .velo 1

I mented I fourhndease and se Ivefot -ae)wr

[11
e a** 25~ d vcuIsV. ;otwc'ez 1t/2 hour

* ~af ter color i Mzohd develop.%id.
*IColor raceonva va3 j:r-!edt 1 - none,

2 - slight, 3 - roedozate, arid 4 - im~rked
color change in ordor to obtain moan.

3.Long Term Use of Vexaznethonimz

Eleven patients (five nor.-piginented and aix pig-

mented; four hand cases and seven foot cases) were

given a 25 day course of hexamethoniwum, 50 ngm.

intramuscularly every 6 hours. They were followed

during the course of therapy by repeated exposures

to cold as prescribed in the standard test procedure.

All 11 patients were exposed to cold Just before

I,,
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initiation of therapy and at the end 'of omw week of

therapy. Two patients were observed during the second

week and one during the third week of therapy. Ten

patients were observed during the fourth week of

, therapy, sid sx eases were observed one week after

the cessation of therapy.

I TABIS1U

CONTROL D=M 'A1CTf l M.-AMO TrX O CRi14MG

IN CAL MlT- LC , DJJIIG COLD ST 'Z33

'__'_•. .... • r..,1__ I J'..- tT',ie,.

__ _" -• -

SC012 F. F.

S._337.%._ •b -1." .

4.. - ,. . '...-'• ' -

.. •D -"- -9 F
C W3 F,.-r

t-3<101 -
R*/fefore to th-:rzp7 -iren I.V. bi-t."an 30 =Ln. and m0 win.
after patient ent-.red cold row.

'5* Values with (*) siZn refer to rises in oral temperature;
those with (-) si•n refer to drops in oral temperature.

The results of this study are tab.lated in Table 12.

Statistical evnluation, ccp-mrIn3 the observations

during the first week of therapy with those prior to 7"

initiation of therapy, reveled a sIgnificant im-

provement as a result of therapy. During the latter

,eio1 -"~.- .



weekx of therapy the improvement was also significant,

bUt In the cases observed after cessation of therapy,

there uas no significant difference fran the pretest

control*

TA= 12

CWAR!IM OF MMh1M C*OLOj R_?0X ; To C=D =_-*S WF01

E An*OD Ar sc-r w(u-m o =mm

Patients Coofol53d ,.

* D~~5~re~ bintrjcYZ-eth rM5 7s Ii~h Ute

* ~~0 '2~~a c h~ 1 0 r ~ L L . o rn m
a' 3oer~ 6nt~ ~ ~d nTbo 6 r1.
U O5 s 6rt~- 1-0-+- d'ii-tid ~ intrdo or

3h 2'. nt~ ow i4t,~ini 13peto~irt
ccn~rl cotrz7

2d f~t d~t h dr c6ne~' affeun

cc~pJ~7t ofcnYiJic ~~did1a~aio
Total lurdv~c~ fe ~diit io fec

doeU, o tU iint 10 tudh6tnin dh&lOi



dizzinese for a short period of tUn after each do",*

and the rare coplaint of urinary retention which was

re~leved without catheterization. There wae an apparent

gradual adaptation to the hypoteheive effect of hexa- ..4k

*etbonlux, so that during the last 2 weeks of ther.tpy

most of the patients were able to resume the normal

activity of an ambulatory convalescent hospital patient

mnsidately after receivin! their injections, whereas

ths-y h- IbW : forced to remain supine for approxicately

2 hours after jach injection during the earlier days

of therapy.

The re-ults of those studios with hex-zothoni=.

su?,:cc;-l p:-i.-co in tha cb!llty to alter the ro.-pon"

of t~he v--i=Sr b-,d of a pip t-frcstbito dJg±t cxroead 0:

to coy'. 1. YOuld . t-t thW3 tyrjS of thorapy r-Ight

pro.. zvj l nic ~x tho wC'.,:ztioia of fro~t-

blttý;&,'. durL-,- ht zAL- j n thcra is an azzociated

va~:~:~c p~n~:~iof tha i1v:Avd e.i.Lr':iity stuch. as

co'l&.Cr3#S pallor an2/rer c~cmnosiv. TheL!s pi~flc--ona i-re

c•c:on'1y zccn durin3 thi tlzs that a third degree ulcer-

ation :, hoetina •M uwnually influenced the rate of heal- -

ing of th) l.esion. L-nke,* in a reall neries of cases,

n .d t1i,.t s,,ill full tb.h.-ness zkin arafts applied to

thes3 t.,rd d<;re,3 u1cc.,ritions .-. ra ra re fr:;qvnrtly vable

x1c~n thig patient vris nIu;iLuIteoi3y tr?ýted ~-rth he=- .ie-

thonitri than when he was not. Tins finding lends .m•pport

-ee I.;-ct!on XII, F-art II of this report.

dS
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to the hypothesis that hexamethonium Improves the 'blood

flow to the ulcer bed.

3. Priscoline

Priscoltine was studied by the same three methods as d.--

scribed above for hexamethonium. The results obtained are

recorded below..

1. Priscoline Prior to Cold Exposure

Twenty-t.hree deter-inations were performed on 23

patients of whom 15 were ncn-piponted and eight pig-

znentoe4. Four were hnd cases and 19 were foot cases.

All except two paticnts received 50 g-%. of the drug

Intravenously within 5 Minutes before entering the

cold roi. The rem-adnin tuo receivei 75 cw.m., having

failed to show -.ht was eonridczvd to bo a eatisfactory

ror~pomce previo'isl'- (theset~ for,:ar obz~orvativns wore

x-nde prior to 15 J.anm.ry 1952 =nd wore dizcardid). Othar

casos 0hich fe.1led to ranpond to 50 w.of the drug

intra.venaously ver. not si.-itilarly cubjected to Increased

dosage.

Four of the 23 case~s ahovad no color response on their

control deteroaritn.iios, so could not be expected to show

variation in color due to the druzg. Results obtAined on

the rezrvinirZ 19 caL-es arm rhown in Table 13. Of the 19,

five showed no .!r.,rovz%.:nt with priscoline, 10 showed

definita a-r ; orind fuur wero cc-,'pletely prevented

frm devt-!pirig the color change which they had shown

4j.L
7.. . . . ... .-. ....-........ -. "..-.. .-..-...-..... ".... . ....* . . .. .. .. -.. ... , .. . .. . . ... ..... - . - . ' .. - . - . - ..- .- . " - - - . -.



on the cotrol determination. There was no significant

difference between this group and its controls when oral

temperature change was evaluated as it was for bexaae-

* thonium in Table 9.

TA="T Z 13

C0WARISON OF PFISCLPM E~P3R* WITH C0r0L DX=IMATIMS
0 lIM-D TCOL0.u El WSLN.- TO COLD SIT=

KaLdix Color Re•ponse 4* Patient Control*** Pro hylactic
t t .f! rco0ne

.,Make C-a.-).•- ._ _1, - " ..h..

Moderate ...... C.' •. IIf "O':' 2 1

S3li'0't Change .Y' '

I,;,•• :. t;"t -t'o:'("'!I 2 I 0 2 ...

S.., - --. • •• .••-. •, . : , ...

C.,)C~iOo 4 0--
1_______ 19 1 i

Hean ?friColor en~ponsa 1 I:drato (DI&Z Mn1'~ od-
t -2.9171 _____ cr i

: 10•.f,.:3 to tLV.apy given iIwtr.vc0.ouly " hn 5 zinutes b>fore entaring
cold roocý. 5)

** IJa.viiýrt Color Ranpon=e refer3 to the most. r~irked color change among all
digits of a gi'vrn patient i ..snp-ctive of d-..roe of injury.

* Control dete.,minations on •upatient as those treated.

2. Priscolii,, During Cold Mcposure

71.;alve determinations were ptrforned on 12 patients

of whom sevon were non-pirrented and five were pig-

mented.. Ont was a hand case and the remainder were

foot cases. All received 50 mgm. of priscoline Intra-.

venously between a half hour and one hour after they

entered the cold room. Four of these patients had

~~*5* * 5*~* '**5*.*. . ..

. . ... . .. . . . ..... .. ..... .. ...% .......... ""•.

-. 4
....:,-,.:. ,. ... ,...,:- -....-:::,." ::....- ,.. -...-. :;:..-.-. .:.:-.- .. • . .:.: .:::.•.•••.....••.: .. ••.••i..:.•. . :. :.



developed no color change prior to the tim the drug

was administered. The remaining eight cases represented

a small series for evaluation, but in comp&rinS the color

prior to administration of the drug -ith that which was P

present at the time of its maximum improvement while

still in the test chamber, it was noted that only me

patient was c=pletely relieved of the abnorml color,,

fc.ar were improved, and three sho%4 no ifrrovement.

C) •Men tabulated and analzed in the esc way that hexa*-

thoniu via evaluntrA (Table 10), this improvezent wes

not esinificant for the miall number of cases,

3. Lona Term Use of Priscoline

Eleven patients (oi~ht non-pign-en~te and throe pig-

La-5d; two hand cases and nine foot cases) were given

a 25 d--y courea of priscolino 50 rr,;. or&lly foxur trimou

a 6V. They wero followed d-ing; the course of therapy

- - by repeated exposures to the st.ndard test procedure.

All 11 patients were su)mitted to the procedure Just

* before onset of therapy. Nine were observed during the

first week and the rm.-aining two during the second week

of therapy. Ten were "observed during the fourth week,

and seven were exposede to cold streas one week after

cessation of therapy. When ccvp2red with their control

observations, (as he- '-ethoniu-2 was in Table 12), these

patients showed no siniificant improvement during the

course of therapy. It is recognized by the authors that

a-77M -M-



this does not constitute adequate trial of the dro$,

since the Intramuiculax' route of administration has

not been euplored. The dosages da~1isdtswed way have

been too snal or too widely spaced in tlme of ad-

ministration.

NO. sr Ru M L OWGLUSIONIS

A procedure for exposing the hands an4/or feet of a hunaa

subject to a reproducible cold stress has been described. This

procedure, usirg cold stress, w.-s of value In elucidating the

phenomena of aboornal vasomotor lability In previously frost-

bitten extremities.

Seventy-two patients, all young adult male soldiers having

recently rocovored from first, second xndor third de,-re* frost-

bite wore vut-attcd to a atainl'arwz cold stress proceftr3 for a

total of 361 t4'--a durin3 a 3 month poric-Ii of tims. Mvtistil clon

of eaves according to site, do,-oo of injury ard race vias re-

cort..ed.

Three hundred twenty-five of the detor-Anations were

analyzed, including 149 interrnittent control observations which . .

were evaluated with regard to the ntmber of weeks poat-rrostbite

at which the obso.rvation was rAde and the severity of Injury of

the digit involved. Thase control observatio.na were coa~psmred

with observations on the san~e patients during treatrmnt with

linbsr syn~pathetic block, hexpmithonFrA and priscoline.

The "mantts demaivitrated the fol-loving:

l) A significant relationship batim'en degree o,-' injury

and severity of color reeponse of digits to cold stress.

812
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*I2) A significant alteration of the color response with

lumbar sympathetic block, bexamethonium and to a

* lessor degree priecoline.

3)A signirficant relationship between the site of pain

* -an exposure to Lold and the site of marked color

4) A significant relationship oetween the site of pain

* 1 and the severity of 'frostbite previoil sustained.L

I C) 5)A significant lowering during the periods of cold

streas of oral tpenpratures of those patients

treat;.d either with hexanathosiimz or sympathetic1 blocks, but rot with prirtolIne.

I NI
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1. -1OUC11

~~~~PTU:kin dt1Ieswee() Imeitelyeraftere Sjud-itesivledd~

ar uually warm, relatively, h,-phidrotic. and hyperthctic. In the case
offirst an hedlder zeco.:4 deg~ree injuries theze fisidings appear4

to be part of the stcrilo itifiarr~tory reaction reczultir.Z directly frcrni

j I fthe cold insult. T7heir d'*zation 13 directly related to the :;everlty

of the aripgi:.a. irjux-y, I to 3 weeks for Cirmt decLree an~d 2 to 7 weeks

Kfor second deeree lezsior.a. Dir~its which have zu:;tained a nore .oevere

injuryj ray exhi*bit local 14r.crcazcd warrAh, a:;?.hidro:;is an~d anesthesia

4 1 for 35 1011C as 3 n~oi.t~h: after r,2I e In the alournce of cellUlitiS

*this s'jgents that cutai.cout; do.-nerva;.1oo hacý occurrel. In each in-

stan~ce thic initial phane is uý-,ually followed by the appearance of

pabt~orn!aLl vasot.otor lab'Ilit... Thi:s Is the po:;t-fro:;tbite sequela of

* U.vportarxe, seco:A'ary, only t,> exter.:cive tissue loss3, in detcreln-LbA- -

the subsetquer.t disa'ailit7 experiencel b.- patien'tz with this ir~jury.

It 1i ch-aracterized by the clirical sroiracstatiot.: of irncreaced synpa-

thetic ikejrjous syztein activity, i"Lmcly inalbility to keep the affected

* ~~~~~part w:n pallor or cyanz~ n rr~sdaetr~

"lie e."cezieprprao: wh-.ch co.anler thi:s poL~t-cold injury

syr~dro.:.- did riot. cont:-;i',tc a zcrious; pi'obler. in t.he fro'tlhi~e natients

-*tud..~eJ, at ccný:-_th~ alercent. h.j: pt).'al . .vironm:er.t' iY. which

*they -w,.re 1ber'I.Iow-vvr, V.OG:tiivC Cor.1,:,e. of tile

* sy~~~-~pk~ro%-.e wi~h 51.re:ltrt 2ý:r', in blo(A flo throiý,h Lhe affectthi

*Z.Bl A.. T"



I.part was of z!Crnificance. The ulceration of toes with third degree

iifrostbite, if n~ot. healed before the onne L of this phiuae re-epitheli-

alized. slowt: aid :Alir grafts would not survive on the poorly vaseu-

larized ulcer Led (Section VI)J. Later mastifestatiorns of thiz derange-

ment of the c~irculationi as observed wider standard co:aditions of cold

stress have been reported In Part I of this section.

ii During; the pcrforiiance of theno cold stress~ test3, %;kin tempera-

~~ I ~ ture ~.u~e4swere nade !it onder to obtain an objective measure of

the circulatoi-7 statu: of pat 'Aents who huad recently been frostbitten.

These ter~porature data are the ou'oject of this. report.

'Me cold stre:iu test was appliedintemtrdscbdinPt

I to 72 sb.ects who recently had recovered from Lhe--cuta effects of

frostbite. turlrng the in-itial *j:irto'period as well as the

3 -hour per' ol of obtservatlon follo-winf, the cold exponsure the sublects

were In a l=r~e, hiijh-ceiiiz~ged roor. with cii amblciit .-dr tcnperature

wia~n~v.ri*A22.9& C. (.2.2* F.), standarl dnviation of 1 1.4* C.,

anA a rea~chiz-.dit:. of 1,2.j. with ;,. s'a.iZi:A devi-ationl of ±8?

Theze r~n~were =ude viUth a cuai.i:uoxusly rez-arding hygro~xter

an.d t*heroj~raph. 'Ale cold exponure iturelf coulk place it, a walk-111

refrigerator 2:. b;1 10 by 10 feet. in size with an average aidhient ter-4

perature of -C.3* C. (50.5* F.), ztar~dard deviation 1 0.4* C., ai.4

with .14a~r:. r' lative huiz~rlity of 60.5,ý, ti~r evi.n~tio:1 ± 4 .0.,

.~j. 'sswith tha exeptlor. or the tcr'.erat~ure withink the

ru.fr., er'tzr, jere 3alblgl.ry A' t 0u4'h they vfr e o~y.c~t

J irusr - : teot the levels of th-' t.4;..p!ratur rel 'ativa hu-W~it±y

~.rev~~,~tto only l~icontr ol. in the ii-t~er..Q of' ir.':4
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"more reliable cooling and rewarming curves an ambient air temperature

of approximatelY 85* F. (29.V C.) outside of the refrigerator would

have been preferred in order to ensure full vasodilatation both before

and after cooling. Air movement was not uniform throughoui. the refrig-

erator and could not be elimiinated since two fans were an integral part

of the cooling mechanism. The relative position of the five patients

being tested at any one time, howaver, was rar4cmized during successive

tests. ,

Skin teW-perature determinations were made durin the latter half

of the pro-expostre equilibration period, throughout the cold exposure .

atA for 3 hours after exposure at in tervals of approximately 12 minutes. ,

It was impractical to make continuous recordings. .The temp~eratures were ,

measured by reans of a Lo-nually applied copper-constantan• ther=ocouple i

junction mounted at a distance of 2.5 dn. from a nonconducting handle

arn cornncted to a recording poterntiomnter. Sufficient time was allowed

to elapse after each application to ensure the attainment ef thermal

equilibritu betren the junction and the skin. The potentiometer was

calibrated periodically and over te termperature range employed gave

readinss which deviated from the true temperature by a nn.-wazu of

0.60 C. Th3 recorded temperatures were read to the nearest 0.25 C.

which was found to be the range of reproducibility of repeated deter-

minations of the tc'-erature of ary given point under stable conditions.

Measurcmcnts were taken from r-ltiple points on the feet (Figure 1)

of all subjects tested, but thG analysis presented here was corfined to

the tenqperature data collected frem the great toes and the anterior

aspect of the ankles of 27 patients during 55 tests. These were all

the subjects who had sustained a cold injury of the feet with the great

8e2
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toes' dissimi3arly involved and on whom the hands had been spared.

This selection was made to permit comparisons between the responses

of toes with different degrees of frostbite while minimizing the

variations which exist between individuals. The g.-eat toe was selected

because It was the digit most frequently and most severely injured. The

skin over the anterior aspect of the ankles midway between the malleoli

was chosen as an uninjured reference point. ,.

The tests analyzed were restricted further to those which were C ,

not c.eoplicated by any medication or piccedure designed to alter the

response to cold.

The subjects were divided, for the purpose of analysis, into five

groups according to the soverity of frostbite of the two great toes.

They were: 1) "uninjured" and second degree, 2) *uninjured" and third

degree, 3) first and second degree, 4) first and third degree and 5)

second and third degree. No cases of "uninjured" and first degree

were available for study. The term "uninjured" was employed in cases

of unilateral frostbite to designate the greet toe which had not

sustained a cild injury as determined by history and physical exami-

nation. Since these digits presumably were exposed to the same cold

stress which had produced frostbite of the opposite foot, they may

not have esbcaped injury completely.

Two measures of cooling were analyzed: 1) the difference between

the ter•peratlire of the toe and that of the ambient air after equilibra-

* tion at a tpe.pe-rat're of 22* C. for one hour before cold expo.ure and

2) the rate of cooling of the great toe relative to that of the ankle

in an environmental temperature of 100 C. The la.ter measure was the

algebraic difference between the cooling rates of the skin of the great
2"

o *... . . . . . . .* WA,
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t3.3c ,ir.,i the corre:;poniiin an-klea c~1culated a~i an exponeittlal

* function of temperature ch:-.-4e with tUn, in :iceorance with Zedt~onts

law or ce'ouinj.

In. a.1L-1tion to the ifrnc~ al ctor... which could not Lie

L controllel with the cxactitud e desired, tht :;kiz ter;;perature rwcazure-

mcnLUi were irfluenced by ccrtzdr& an'atom~ical v-.d phyzilooijcal vani-

ablc3 whizh were not azzesrd. Ooimo of these factors may have had a

31Crilfican~t effect upon1 tha rez-ults. For ex~jmul, the skin at the

3ite of a previuun recond or thirl derree lezi-on war. usually thin and1

smoo~th, etpecially in the ca!;e of the iattaz- deg~rec which a3lzo was

freqmnztly arhidrotic an~d the site of sorj .z j--tncu t-nimu lo.;3.

The.;e factors rmy have pro1u="i a hii~her :;kin te-=peeratura than tcmuld

have bc=~ t~bai:Led under the ý,za.e cor.Ait.-o::z in their g~~.Their

in~fluence prob-.bl~y would b ,rrat.er or. tth. toe-%.*-;ier.t air temeratures

diffterenze a. c quilibr~li-. -v~fore .cxpo:t~re thr=z on 'he coolir.6 rate

durir.e ccA'I expozure, ir e c for: -r is a reeazure of tho extent if

coofli: ani th'.- lat"t.,r iz ca.-ct~rrvd with the~ rate of chargre ir. tocper-

ature. 'lie ct~ilibrit:. 41=.,z rattre dr:rfrhr.r,(id niot.

.S':Iizeesive tent~i on. the :ae i:..-iiviual dý. teu .ch. factors as differ-

en~ce In :'ta-bollc r.it*. a:.- i-erocral v;,zomoltur. '-one which --LY have ir-.flu-

.r.-nczd .he ccolini: of a JIeijt Lut are not .~c:~r~ related to Lb-,

iniju./y of the~ toe ur;.c1-r z:tuy.

1n the :ztu~ly of cool--_ at 10* C. ar. a.-te.r~pt wa-x rude to minimz~ie

the 'Itirluerice of the-e latzer *j-ria.bic ; by u.ý': Ithe differen:.e betwee-n

the* cool' ~rate; of "lo tx, ard awkl e iii the izeth~e

zki'L .f *Cs- Ink of eacýe, tw~ W:L '."ijrv -I inCCýAir4- rate W-L

-4N
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considered as a measure of t~he general vasomotor status of the I.n~i-

vidual. This basal cooling rate of the extremity would reflect arr

changes in these variable internal factors and, hence, subtracting the

cooling rate of the ankle fro that of the toe would tend to isolate

the effect of the frostbite lesion of the digit upon ito response to

cold. Although this value was ezpressed precisely in units of "degrees

Centigrade per minute per degree Centigrade* it was not considered to

have any real thermodynamic significance. It was used merely as a

value, quantitatively derived, which expressed th. relative effect '.

of various degrees of frostbite upon the cooling rate of the digits

involved.

Three control subjects who had never had a cola injury were also

t.sted. In addition 1o the exposure at an ambient air te.-porature of

50 F. they were studied. at 35%, 40 and 60* .F...

II. J-IES!LTS

A. Too-Ambient Tnperature Gradient . .

The teU7p'.rature of the roon during tha eqtdlibration period

before exposure was sufficiently low (2? C.) to produce vaso-

constriction in most of the subjects as ev-denced by pallor

or even slight cyanosis of the toe*. The mean toe-ambient "" ".

temperature gradients (the difference between the te-.-perature

of the toe and the ambient air after equilibration)of the

patients grouped accordirg to the combination of injuries of

their great toes are recorded in Table 1. Ccrparisons between

these values by degree of injury within each ccmbination of

lesions showed no statistically significant differer.:es. The

toe with the lesser degree of frostbite cooled to a lower

826
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te~peratura (i.e. had asmaller toe-ambient temperatuzre grad-

ient) on the average than t!'e opposite toe with a more severe

lesion. except in those subjects with a third degree injury

of one toe, in which case the mean gradients were approx-

izate3y equal bilaterally. The mean gradients were higher in

subjects with a third degree lesion than~ in those with less

severe injuries.

TABLE I

CMA1 TC7,-AnI! =-TEh\JRE GRADIENTS A.Fr E =JILIBMMRTIf
-CF 'r- CiLA.T TMOil' 0? ?1iVI1JSLY FBOSTBITTEN SUBJECTIS.

Dcgree L. Iunhor M !e=. Toe-Ambisent
of of JTe.- 7ture Gr.adient t __ _

0 f13 1.5 J t 2.2 1.1a >.20

____ 0.375 ______

12 2 __ o.ý,

10 20 1.071 j____
In this and suib:'..:hcnt tables 03" designates the

u-.!njured great tce of patients wh~o had sustained
r',etbite of the oa rsite gteat toe.

Comparisons betieen the mean gradients of toes with like

degree or injury tut with lesions of dissimilar severity of

the contralateral We a•d conversely between the mean grad-

ients of toes with frostbite of unlike degree but with lesions

of similar severity of the opposite toe (Table 2) revealed

socc significant dIfferences. For example, uninjured toes inj

Patients who had a third degree lesion of the opposite toe

.~........

.. . . . . . .
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TABLE 2'

COMPARISONS OF THE MEFAN 'IOVe-AMBrIE2T TE24PERATURE GRADIEN1TS
_ I..ST.ATING T .E EFFECT OF DIFFERE.T DEGREES OF FR.STBITE OF ONE

GREAT TOE UPON MHE RESPONSES OF THE CONTRALATERAL 70E.

Degree lkmber Mean Toe-Ambientj
of of Temnoerature Gradient t

"Test ... " S.".

0(2) 1.3 1.5 ±225 325<0

1P2 13 1.9 t 3.09 _____>.0
12 .4 .2 ± 2. _

2L0) 13 2.5 +2.023
2(1) 13 2.9 1 3.01 0.416* ' >0

2 f 1) 10 ±2.05 1.255) w
3() 7 4.3 ±2.01

3()J 12 .7 ±.06 O4581J0 981- >-0>3

47 t M6

(2 102+P.) 0.628 X 50 __

13 52-.5 -j2.0 1?a
7 &.3 :t2.01 1.6 >.05_.-.-

.2() 13 2.9 3.01-

12 2 .25.6 '1.755 X.05

1(2) 13 1.9 ±3.09 >.691
3 (2) 10 5. 2:31 2956 .
613T 7 4.6 t . -
1 (3) 12 4.2 12.98j 0-366 o.427 >-0>6
2 3 10 4.2!L. 1 2.0L

*The nw-ter in parentheses after the degree
of injur/ der'otesi the degree of injur7 of~ the
contralatera1 great toe.

828
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did not cool to as low a temperature as did similar udnjured

toes in patients with second degree frostbite of the CIrre-

spending contralateral digit. In like manner, great toes

which had sustained a third degree injury Wad significantly

higher gradients, on the average, than toes which had irst

degree lesions when the contralateral toe in both instances

had second degree frostbite- In general, the toes with a

third degree lesion and toes with less severe injuries but

whose contralateral counterpart had sustained a third degree

injury cooled the least in a mildly, cool environment.

*"For this reason the results cannot be combined by degree L

of injury irrespective of the lesion of the opposite toe when

the latter is'third degree. Therefore, the combined mean

gradients for each degree of frostbite shown in Table 3 do

not include the values obtained from toes with no injury or

with first degree frostbite when present .in the same patient

* • with a third degr.e injury of the opposite boot. Toes with

1> second degree frostbite were not influenced significantly by

a third degree lesion of the contralateral toe and hence were

not o-mitted from the calculations. *Include.1 in this table

are the results obtained from the three control subjects. L

The results of statistical comparisons between these mean

gradients of the toes combined without regard to the lesion

on the contralateral toe and of the control digits are sum-

marized in Table 4. The toes with third degree frostbite had

a significantly higher mean gradient than did any of the dig-

its with lesser injuries or with no injury. The toes of the

• " ...
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TABU 3

THE M~AN TOE-AXBMi TE2MPERA1E GRADIEMT OF 71M
GREAT TOES COMBINE BY DBGRM OF INJURY IRRMPEC-

IVE OF TIM INJURY OF THE OPPOSITE TOE

Degree Number Mean Tooe-AmbientInjuy Tets I *C. S.D
of of Te=13.rature Gradient

*Control 22 3.0 ±.3.15L

0* 13 1.5 ±2.25
1* 13 1.9 13.09
2 26 I 2.7 2.249

*Values for toes with third degree fvostbit~eý
of the opposite grent toe excluded.

TAME A&

*TUEZ QG.DI% TS AFIW " ILWATC: OF WE GIVIT
40E 0p PW1-vIcJSty M19T!~T4 U CON&i)L SUB-

.IECTS (zaE 3)

Dcgr~e of Injury

21nro iEI 0 1.593 .1
" va 20-361 >. 70" vs 3 .325 .03

0 vs 1 0.396 <.60
0 vs 2 1.481 >410L
0 Wes 3 4.466 <.001
1 Vs 2 0.758 >4
I vs 3 3.021 <.01
2 Y2 3 .... 3.LZL... &

control subjects and the toes wit, second degree- frostbite

cooled to esnsentially the same extent, which was somewhat less

than that to which tops with no injury or first degree frost-

830
~ *-...**,. -. .-.. . ......



-.-........- a * ,s_

%N..

bite cooled although the difference was not signficant

statistically.

B. Cooling Rates

During the cold exposure the great toes of the patients

and the control subjects cooled at varying rates but with few

exceptions (the toes of patients with third degree frosthite

in particular) had ceased to cool in less than 50 minutes.

After th.t time the skin temperature of the toes either sta-.

bitized close Uk that of the anbirct air (either at, above or

below it) or exhibited the cyclic fluctuations described a*

the "huntingl phenemenon. Cooling of the toes to temperatures

below tbat of the enviroriment, was attribxted to tke evaporat-

ion of perspiration.

The mean *corrected cooling rates" (the algebraic differ-

ence between the cooling rates of the sie and toe) of the

treat toes of the control subjects at am~bient air texperatures

of 35e, 40", 50* and 601 F. are recorded in Table 5. The "

statistical comparisons between these values s3u.artzed in

Table 6 show that the mean cooling tendency did not vary zig-

nificantly at 40'% 50' and 6O' F. and in each instance was

greater than at 350 F. Only the difference between the mean

cooling rates at 50* and 35* F. was statistically significant.

The similarity in the mean cooling rates Of the toes at the

three higher ambient temperatures may be misleali'g. A longi-

tudinal survey of the results showed that in only one instance

was the cooling rate greater E. 60* F. than at 50* F. In

three of the six toes tested cooling was less rapid at W0.
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than at 500 F. but these toes were those which cooled slowest

at 350 7. In every case the toes cooled more slowly at 35*

than at 40* F. Therefo. ., a larger number of observations

might have yielded a higher mean cooling rate at 50* than at

60* F. The lack of a significant difference bet%-een the cool-

ing at 50* and 4O' F. may be due. to individual variation In

the temperature at which cooling ceased to increase with lower-

"", ing of the ambient temperature.

TABLE 5'
17-411 CORRECTED COOLPM; PATES OF WTE GrMT TOEM

' • OF CO;TI.L SUWEECr> AT VRIOUS AMBIELT

.1 AIR 'ZRMVP.ESM
* 1 .

Ambient Air I hribr Kean Corrseted
Ttciperature of Coorlir Pa.te

OF. Te.,t S_ ýLri.!Z -T S.D.

"35 6 .0136 ± .0053
"4o 6 .02W0 _ .0152

"__.__50 6 .0247 .00s8
60 4. .o+ 1.46

TABLS 6

""0" 'ARISONS =-.z: 11F F.MI C0OR-S9T.M COOLING
RATMS OF THE GREAT'r S OF COMMTOL SJI3JECTS AT

"VARIOUS AMBIlMLT AIR TSTPERA•VRES3 (TAB•E 5)

* Ambient Air. Teriperature
of Test3 Compkired t P

OF.

35 vs 4,0 2.195 >.03
35 vs 0 2.657 <.05
"35 ,s 60 1.5Co >.1040 vs 50 0.455 >.60
P40 vs 60 0.316 >.70
50 vs 60 1.0030 >.. X

":....-..-.,.-..,.,...,'.-...,.-.-...'........ ..... :....,--,.".......":•,.,:'.'....;.....,'.....'.-",,,,'. . ,,.'.•''.."
. .- . . . . . . . .
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/ The cold stress testing of the frostbite patients was

performed at ail ambient temperature of 50' F. "-cause it

was foind to be effectiVe in eliciting the skin color

changes and did not cause excessive discocafort. to the sub-

jects. The mean corrected cooling rates for each degree of

inj4e7 in the five combinations of lesions studied are shown

in Table ? together with the results of "t" comparisons. No

* j statistically significant differences existed but a tendency

was noted for toes •ith either a second or third degree

*. lesion to cool at a lower rate than the contralateral toe

with a first degree injury.

TABLE 7

Tim F-EkN C0.EC7'F.TD COOLING PAT0Z OF 7.E G-RiAT TOES OF
'ATI:-'TS ;WIh FPOSTDITE OF NI .LTLY

".. As•:N'friaCAL SEVEITUY

Degrce Ih.nbcr ?.nean Corrccted Coolnrg

"" of o Pate t P

:-: tn•-r __•, .~__•__ V .x'p-ij_'-_cSD•" " r

0 0 1 3 .0321 .- .o05M_.• -- , 2 X317 X-...',6. oo5 >o

7 .o36t Z .O 1 0.422 >.603l .0•1• *r*f. 13 .)411 x26) .&72 >.I0
2..... 2 .G255 - .0277 L -

12 .0331 1 .040 1.775 >.05
S 3.o0?7 ÷~ .ot _____

.L 10 1260 .04 16 m2.• .o2.6 *..0271 !.0 >o
:: 3I003.02•, _ :0322 . o _

-,'.M coolijg curves presented In F] gure s 2 and 3 show that-,

"a thdrd deZrea lesion did have some effect upon the cooling

of a.n ojpo•ito toe, for ex-v.ple, one with first ,Iegre.e fro.st.-

,. t-ý. nhe toe03 with a firut ,t. r'ee le..ion ci'd not coo, to

• ~83.1•

* . . , - *. * .. . . .L * . *
k.L,.,Z,.,•''" - '.' ':_• _,• ".,_"',.: ,". . .".c' _" " " " " ' •'•" ""'" ""''•!" " " • """"• -" •' "-' " " " "" " " ': ' • °" """" " "' ' " " " "
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the same extent when the opposite toe had sustained third

degree frostbite (Figure 2) as when the opposite toe was the

site of second degree frostbite (Figure 3). In contrast to

the mean toe-ambient temperature gradients (Table 2)v the mean

cooling rates of the great toe were not significantly influ-

enced by the presence of a third degree lesion of the contra-

lateral toe (Table 8). Therefore, the mean corrected cool-

ing rate of the toes grouped by degree of Lijury irrespective

* of the severity of the of the contraitteral too =ia.

* j utilized in the analysis. The valaes thus obtained together

• with that of the control subjects w.on exposed at 501 F. are

reported in Table 9. A smmaary of the results of comparisons

between the mean cooling rates of toes with each degree of

frostbite and the control toes is prcne-atc in Table 10. None

of the difrercnces weer statietically vio-ificant. Via toes

Sof the coiitrol subJccte and thosa with second and third degroe

frostbite cooled on the average at aireet the sare rate.

&SiALUrly, digits with first degree lesions and the uninjured

toes of patients with ,&nilateral frostbite had approdrztely

the sane metn cooling rate which was greater thm that of toes

with the other three degrees of injury but not to the point of

statistical significance.

The correlation between the corrected cooling rates of

90 toes whi-h had had first, second or third dogree frostbite

and the degore" of injury, using t0a mathcd oe Pearson yielded

a correlation coerficievit of -0.207. Tnis value indicated a

tendency for the toes " th the more severe frostbite insult to

834

.. -..-... - .,. .. F..
..........



- - - g - -r

IL2

00

20---0M"TF25O

t4--AT.rDFOIOT
FIf" . OU" lIEcFTHCGI-T OSO

PI4-N AHFRTADTIDDGE

a.SOIE

* 835

I-1



20-

SO

TIM IMii

.83



'C ?. ,'°"°

cool at a lower rate. However,. the difference between the

V coefficient and zero was of only borderline significance

and had no predictive value.

An analysis of the corrected cooling rates revealed that .

-•..re-spone of previously frostbitten toes to cold tended

to change with the passage of t~ime. This is illustratcd by

"t.e rank order correlation coefficients summarized in Table

11. The data from which these coefficients were calculated

is present~d in Appendix Tables 1 through 10.

TABLE 8.

CO!4PAPISCN3 !)E-4IdE! VIE !4XI C0?J'PTD CG0L1NG PRArw-Z =15~TfATI!O 70
IljilW,*:hk:E OF' -IM DEGR=EZ OF IINJIURY OF ONE 7GE UIV.1 '1E COOLInTG

OF TVE OPPOSITE GREAT TOE

Degree of In- slumber Mean Corre..ed
jury of Toes of Coolin!:_ PRte t P
Com ared=" Tests C./,;-./ii. *C. S_. 0. _-'."

"0 (2) 13 .0321 ± .0206 0.17>
0_0) 7 .0o61 +t .o20', '
"1(2) 13 .0411 1. .026) 0.78 %1o0
1- -0 -(L) 12 03L3 :t .02 0
2 (O) 13 .O317 . .014-2 (i) 13 .0255 . .0277 0 0.316 > "')l

(2 13 .02P,6 0 07 :21O 316 j
3 (0) 7 .0312 _ .0231

3(1) 12 .0173 V 801.1,8 0.2214 >.20)> > "303 (2) 1.0 .02.74 t .()322 1.2)" >m'< ' "

13 0317 0.051 >.no, 3 7 .: 0 '2 .o0. . ..3.1-
2(1) 13 .0255 t .0277

12 .0173 1 .011,8 0,3:>.
0(2) 13 .0)21 .02•6
1 (2) 13 .0.11 _. o0263 0.•6) >.31)6
3 (2) 10 .02... . €_.0322 1.01h) >30)
0 (3) 7 .03'1 t' .O0'....
1 (3) 12 .0331 + .02-70 0.20) > 50
2 (3) -10 .0286 ot .027. 0.385) >7

! 71.e ••...-. r In parenthe-ses after the de'rce. of inja-y denotes
the :e,.ree of injury of thu. contralnteral great toe.

J337
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TABLE 9

THE. HMW CORRECTED COOLING RLTEW OF THIE GREAT
*TOES COMBINED BY DERZE OF INJURY IRRESPECT-

* IVE OF THE INJURY OF THIE OPPOSITE TOE

Degree Number Heapi Corrected
of of Cooonp Rate

In jury Tet *C./min./-C. S. D.

Control 6 -0247 i .0088

0 20 -0335 i .0195

2 36 .026 1±•,0
L~ 3 2 .07145 1 .0231

TAEcL r (T0L

COPRSN M:1THE W 11•,~n O005ECTE CO r O LIN'tS G•,T

RTES *OF BY DES OF PREVINUSLY FDSGT-

BLEM ;AOF CONRO SUBJO ECT OPOSTABE 9) ... '

Degree Nof ure

of of t o

Control Vs 0 1-571 >.10
Vs 1 16984~ >005

" v 2 0.750 _ 40
vs 3 0.036 >.90

0 Vs 1 0.5". >.50
0 vs 2 0.0 >-30
0 V3 3 1.475 >.10
1 Vs 2 1.344- >.10
1 v3 3 1.896 >.05
2 vs 3 0

The time of the tests varied from 27 to 137 days after in,-ur

except in the Cass Of patients with a uniiateral third degreeL

lesion in which the tests were performed from 15 to 88 days

after frostbite. There was a positive correlation between

the cooling rate and the tine of the test after injury in the

case of toes with third degree frostbite except in patients

with a unilateral lesion. This discrepancy m>0 have been due

838
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to the above mentioned- .fact that .no tests were perfor-med" on th.e

degree lesions in patients with first degree frostbite of the

opposite great too cooled more slowly as the time after Injury -o-

increased. A similar tendency was exhibite by tve.' with see- •..'

S~~ond degree frostbite in patients with a unilateral injury. "''•

• .. .;•

" ' ~~~Uninjured toes and those wi~th first degree frostbite tended to,.-. .

change with time in the same direction as the lesion of the con-

tralatergr toe as did those with a second degree lesion where

C,

desrep est in pult t confirm th effect of the lesionte one foot

upon the response to cold of the op site foot noted previoul.y

in the analysis of the too-ambient temperature f radients. to

trlterA tOe, as COdidtTIoS w it a M se COIngl esio...here

AUD THL T=3• OF 17_ST AIFTER iB1JURI -....

th Dpoietewstest fatid egree injry.In hi

of of Correlation Pon one foot

0 (2) 13 -.015 >.05
. 07(3) .143 >.o5

S1 (2) 13 - .82 >.05
S1 31) 12 ÷.371 >.o5 '-

2 0o 13 -.205 X03. -,.,,i
2 (1 13 -. 698 <.Ol '....
2 (33 10 + .482 >.05 "'"

: • •3 7 -3*57 >.X0...5

3 {2) 10,,... + .?85.. <.oi_01:.
, * ~~~~~~~The nwnber in parentheses after.........,...-...

the degreo of L ojurf denotpes the fot.oedp.vo.l
it degree aay is of the of e.hb contralatera g

great toe. r

839 "'""of o7.reaio -
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A comparison of the mean corrected cot tng rates for

each degree of injury. before and after 90 days' post-fr, st-

bite, the dichotoay in respect to time which by trial 'nd

error was determined to show the greatest differences, fur-

nuehed a meacur. of the changes which occurred with time

(Table 12). The mean cooling rate of third degree lesions was

"greater after 90 days post-frostbite than before, and to a

lesser extent the reverse tended to be true of toes with no

injury and those with second degree lesions. The differences 41

were not statistically significanto however. Digits with

first degree frostbite reained essentially unchanged, the

mean cooling rate being slightly higher after 90 days than

before.

Ccinpariaon!s between the mean cooling rates of the toes of

control and frostbitten subjects within the two time periods

, * are surarized in Table 13. In the earlier period third degree

lesions cooled significantly slower than uninjured toes and

T&exhibited a tendency in that direction in respect to the control

1- digits and thdse with first and second degree lesions. After

"90 days post-injury these toes cooled faster on the average

than all others except those with first degree frostbite. -"

Uninjured toes of frostbitten patients and those with first and

second degree injuries tended to cool faster than the controls

during the first 90 days after injury. Later the mean cooling

rate of the uninjured and second degree frostbitten toes

approached more closely that or the controls.

C. Rewarming

840
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When the cold exposure was terminated- and the patients ro-.-

tauned to the room with an ambient temperature of 22" C. their

toes remained cold or were rewarmed slowly and passively by the

warmer air. After a variable period of time active rewariming

occurred. This was the sudden incr-ase in skin temperature due -' /

to the release of vasoconstrictor tone in the digits In addition

to the environmental ieating. The toes of a few patients.

especially those with third degree frostbite* wer# initially

warmer thani the ambient air and reached a peak in rewarming

almost i•mediately. Others did not attain a terperaturo above

that of the air within the entire 3-bcrir period of obcorvation.

TAIM 3

OMIPATSCONS BMTI TH~ lr=*I 00M?-C= Cr2LT1XG R&TEZ
OF W GEW TOS OF MID .FI.ST-

BITTENI SUBrJECTS M"KCF.t t3iW AFA12LIM4I2-AY DAYS

Dre of .ju I. ( ......

Control vs 0 1.483 >.10 1.000 >.30o
W V3 1 1.474 >.l0 1.500 >.10

vs 2 0.925 >.3O 0.019 1>.o
Svs 3 0.917 >.30 0.9!43 >.30
0 vs 1 0.15, >.60 1.011 >.30
0 vs 2 0.4181 >.60 0.9 so >.30
0 vs 3 2.00 <.05 0.419 >.60
I vs 2 0.5819 >.30 1.495 >.10
1 v .3 2.00 >.03 0.470 >.60
2 3- . >.10s 1O.V,,, I >.20

Vhen active re'ar••ng did occur the skin toqieraturo of the

toes often increased as much as 5 to 100 C. in from 15 to 20

minutes (Figure 4). The mean time olapsed between the ces-

sation of cooling and the onset of active rewazming for each

842
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degree-of injury in the five groups studied is recorded In

Tabi.. LA together with the results of statistical comparisons

between the two degrees or injury in each group. The number

of tests in which active rewarming of either great toe did not.

occur is also shown. These cases were essentially equally

distributed among the five combinations of lesions and were

excluded from the analysis. When active rewarunlng occurred In

only one great toe of a subject during the 3 hours of observa-

tion the time of rewarming for the other toe was arbitrarily

set at 3 haurs for the purpose of this study. T1he extreme

variability in the rewarming of toes with any degree of injtur

was refltucted in the standard deviations of the means. Only

the values for toes with no injury and second degree frostbite,

present in the sane irndividual, showed a statistically siipifi-

cant difrerence. The latter rewarmed earlier than the uninjured

TABLE 14

TIZa OF ACTIVE Rr.,-FJ(TI G OF THE GILEAT TOSS OF PRLSVIOUSLY
FPDSTBITTE21 PATILMTS F'OLLWWINe* Ea'OSJRE T0 COLD

Degree lNwhber of Test~s Mean Ti-e of
of Active !cw-ir-in; Active Rewa-.dn&g t P

InuL Present Ab~ent ?-Uri. -S.D._

o 22 77 ± 12 2.167 <.05
2 38__ 1e 8.0
0 7 84 ±66.0 003 .0
3 7__ 1__ 56 149.2 09 >3

1 311 3 5 22 1.722 X.10 *
13 2 +5284 0.5 Xo>.~

2 10 79 +±600 J0.783 X40
3 ______ 61 j 4~0:8

844
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Duae to the variability between Individuals aid the ~aI1l

number of observations these mean times of reiuarming may be

misleading. A stud~rof the frequency with which a toe with

agiven dreofijury rewarmed earlier. sIzxhLtaneously or>.,

later in respect to the contralateral "*a 'which had a different

degree of Injury showed ereater differences (Table 15). Rewarm-

ing was considered simulhtane'ous unless the times of rewarming

differed by 12 or moro minutes, the approxidmate interval between t

temperature measurements. Uninjured toes tended to rewarm later

thaun toes with second and third degree lesions which in turn

showed a tendency to rewarm later than toes with first degree

frostbite when present in the same subject. The incidence of

delayed rewarsting of aecond degree lesions was greater than

that of third degree lesions when oan opposing toes, but the .

difference Was slightly less markted tbpn in the other groups.

The chi square test Was just short of significance at the 5%

level of probability, indicating that the rewramiing of the

lesser relative to the greater degree of injury in any of the

comibinations of lesions was not si1'r.ificantly differenit from

that of the total. However, an analysis utilizing only the

combined results of the two groups with an uninjured toe in

common and the two groups with first degree lesions yielded

a value for chi squatre of 13.726. Wfith one decEme of freedom

the probability was less than 1% thit the difference in the

rewarming of toes with no injury and with firs?. de~i-ee frost-L

bite relative to that. of toes with second and thidrd degree

frostbite was dne to chance. T!7he rowar~tng 3f second relative

845
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* to third degree lesions was intermediate between that of

toes with no injury and those with first degree frostbite.

The elevation of the skin temperature at its peak during

rewarming is recorded in Table 16 as the nean difference be-

tween the toe and ambient temperatures. These mean temperature

gradients did not differ si&ficantJy between any two degrees

of injury present in the same subject. The results of coagar-

asons between the mean values for toes with a like degree of in-

jury but with dissimilar lesions of the contralateral toes and

with unlike degree3 of injury but with the same -,verity of frost-

bite of the opposite toe (Table 17) corresponded cloicly to the

sama cc=.paricons between the prc-•posure toe-ambient teTperature

gradients. In generalp toes with third degree frostbite and

PF-g':cY DISTPIMJTICOl OF TM, R-TI.T7 T70 OF ACTIVE RE-

BIT2ZI SUDJEMC"

Degrea of Injury Tivo of Active R-;sraing of Lesser
of C. .Itr3lat-ral .L.. t-3'. .. N-%: o Y.I, .

___1 CC nLýZr

! 0 - 2 1 4 7

1- 2 6 4 1
1- 3 6 4 1
*- • 2 3 5

Totals 16 16 18

Chii square - 15.316 df -8 P >.05

toes with a lees.er or no injury whose conterport on the oppo. te

foot had third degree frostbite rewarmed to a hicher temperature

846
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X* F,:-IN M MUSDFMOCSO HSGYTTE

I NEW ~VE-A1ImT TH AXE DIPFRHC OF RW4 QME&T T0UNI

EXPOSUR TO COLD

'egmo Nuiher Yeaui The-&zmbiorit
of of ______1t'Ar DIffito.e, I

0 0 3.6 I 1.33 0.667 >00
-2 J4-CL -11..3-1*~00 6 5.2_ 1fj4 -

3. 1.131 >420

215.1 t . 0.Q50 X60

tbrn the rwlndgn.

74aoz x~tn toc-a,-Ib±' .t tc. r)otat.ra gradei-ts bdform' expoure

* vAd at tha- peas of x-,r::..JznS ta-a cmp,=-I In Tablo Je. TheO

* ~mcean wlaics for anl dcýrme3 of ±4njuzy In all. ffivo gronpq Wire

* phi!_-,%,r &attr tha c~old o.--oj-ro but th.e d w~c era ric7dfi-

cant or mproacbv-d vi~nificinco Only In th:03 CI.-P3 CC!%ý08ed

of paittca.ts wit!'c-t a third do.-reoa 'i~ tbn±t is, those tith

no Injury an~d recend d-e,Z"3 azd thoeac utht~ firaL end secend

degre~e frostbite propent in the c--ne inividlaal. *those too*

* cooled most W.,enzivoly during the pre-e cur- eqtii~bration

period anid oven tho'a~h their tc,'pcraturs .033 Increaeod the most

by the active rcq .r-dZ £oflc'rlng c-zpoaaure to cold, they did not

re-warmi to an highb -A te>',t)-)atura a3 the *10,her. Ih-i ic~tual racsn

te~,!prture at t'.s of rlirrdng in za n icrn'rit of 22.3* C.

847
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the. resunt e videnced by the magnitude of the standard deviations rela-

tive to the zma&uI did not permit the digits. to be classified in respect

to this ab~eeces presseica or degree of frostbitea on the basis of their

toe-=~bient tetý-perature gradieute. However# the ztean gradients showed

that there wore Croup tenidencies to either a -,-"ter or lesizor decree

of vasoconstriction ezzng the varicus degrec of frostbite as cowrpared

to the cOmtrals.

The coolirZg rat's Is alto maiji dax of blooi flowt. ?k'.rtonls empiri-

cal 1e-i of cooiiz'. is uncraly cinetd',red ay,.Ulcuble to the cooling of

digite undcr con-lticis s~ich as thoýo In thide e:1,Arir-ent. 11ha lav states

th-A t~ho tc'r.uoof a givc.4, w!ýx~a bx7 with c"..istrnt thse-.;,2 conductiv-

* ity uIdl dMn- aVci* a curve hcrin- urn a;jnr.-.t~ial e:*uption of the ty-pe: :

Tt 0T*e

To is th-, I'AtiAP (,r* ti.!o) diffor-e.mooW .i the t -?crnt~roo of

tt3 body iAt,1 V--3 --!Act OJrt Tt the ~rtUro ritf cmc at c-ny ore-3

If Vho, t~dn tc r ttu .i ar eo ,YLAA wo>i~A~l ith the

or!LmA r r3in 1~,c .~'t t:-t.:o dit2rmr1eO at tire W to

in:11c.3tf- on thv., Labi',ji. s strut.hlit liio reo.-Ats. S.~ne" h) tornal

coneuctivity of a di-it is d~,er-!.n-d b7 tho thý!z,:A~.cdi. .vt of the

tissne ite-il!, 0'ih r~y ba k~oneid!!r-4 constnts, &-A th..3 blo-A flo~w thrvagh

tho digit, arq diffor~,-rxee bitneon the slopes of t1-. llne3 roflect corres-

peiv~ing f~ru-3 in bloo3d flowr.

The blcood flov thro-A.h the digit* at,'..Ied V:13 e-l~'..nti~lly con-

stant dutring the tirit 50 minutjs o'* e->e'ur-) to cold. Any riirluctiori

in flov i £Icu-d b-,, t ne cold ::,it hav'a occuarred al:;',3t a lhlt tsly

or- Att 1-mst. 50 r -cfly thAt it cr~tld not bv dot~ect.,A I-y, thiv tflCh:-lqus

...- ~..........E st.. vaiable



A 1$

Sof intermittent skin temperature measurements emplo~w-. The ugoodneas

of fit* of the tesperature- data to the calculated cooling curves an

indbz of the constancy of the blood flow, indicated that in 14% of the

tests as good a fit could have been obtained by chance in lcss than 5%

of repeated testa. In cost of the instances in which the fit of the

data to the theoretical cooling curve was poorer the probability was

leos than 10%. After 50 ninutes of expacure cooling was no lonaer an

S !-* exponential function of tia3 trot becene asaymptotic or erratic. This

portion of tUs coolig curre ras not utilized in the cooling rate cal-

culaJtons. "_

aweard at al. (41) rvported that the great toes of seven cub-

Jects, tbree vith nor=l c!rcuilticn trd foar with vneop.pstic or orcMic

vc.~ct•r dis,.,x,. cool•d &t eescntially the utfa •ate in an .bicnt air

St-=-rataro of 151 C. (61,.4' F.). Tho rcn;a of c=oling ruti reported

•- a fre a .02 to .05 dcgr~efs (C.) p~r t,4ncto. Tho7 ei.5aintd the lack

of di,.:;otic valua of tha coolins rate to tn eqall dIn,-uticn of blood

fi•i• in nor...il c-, dicnc-d ct.r.:.ti,i by va.,..%n:tC1Ctlon alone in

( ~th'o fc:..jr .dva'.iocciutric-tton r5 don &epr'u or 'vnttular occlu-

3ion in tho•Li•t'. 11ha rcsulto of the prcm-nt statd confiru•d their

opinion that the cooVlng rate is not diagnoatic of peripheral vascular

abno.=-31t7 in t*o inrivid,-al case. P!!o'varp there is evidence that

there i a tenency fur t1he cooling rate to vary in proportion to the

degi-.e of vw ocovnstrictiom prod'ied by a d13turb.=ca of the peripheral

circulation O.c.i the m,.?rn value for a group of p~atiints with such a

lesion is co-rFared with that for a group of nornal subjects. For

e l-ple, t|e. s a tendercy for toes with firat degree ftvitbite to

cool !aore rapidly on the average than the toes of the controls. The

- *.**......t. o ..... .... ....... ... *.*.*. *.o
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reaultsa of the studies on cont~rol. eubjectat altbough adatttedly t~saofss

bcan-se of the extrama.y szal number of observations# mzggeatod that

the cooing rate incraaocA as the azibient, air temperat~ure 0' the expoaure

decreased dotm to approdunataly 40* F.

llidle the ability of tie cooling rate to distinpiaib different

* ~degrees of vasocczistricticn =Z7 be lir-itcds it certainly~ can differanti-

ate, an o~trceiity afflicted with a can1ition efatch produces vasoailatation

*frca aon with ror--:.l or incr.c.2Gwd vacw,)Wr trno. Thaird dogmae losion$

*the uinj~arci toes of un.MtaraIllj froz.Vbittcmn paticats. Alto th* com

cooling rat* of tbvi t-^G'e of the coivtrol ciab3..ts at, 3?* F. vims ci,6,ifi-

cantly l~ur th m. at tOO F. This ta; In c:yv.:Ynt vith thea firdin,-a of

zna cc~traity in L17:;rctd In =A'3or at a t ~r;,rt'.=v coze to 0O C.

7h f(,-.d th-e b1td flow 6a-i thi. cold vn1.ie~~to V7 hei r~di'1.

*-It I* of in-rzt th:-t for 90 d~ri aft.,r Inoju7 the ecolins rsiteo for

* Ith t.)C3 Vith t!.3 third der~,,-v froz:tbite at 500 F. uaa of thes-o ordor

ao that of W-) eca~trol toes at 3?* F.

Vithim the l1kit-Wtors of the tachniqoe nos 'e the ski~n

to-'Terature stnzdi"~ have confirmed clinical i~xpreasions of the circu-

latory ch'rnges which occur in frostbitten paM-ients. The analyais was

* handicapped by the r±'tU rvinber of to-its. The interpretAtion of the

rorulti i, 3~ aTho o~Ua. by tMe influccncs upon the rtrponne of a

toe with any one degree of injury by tho di~seivzlar loe-Ac of t%-e contra-

latersi t-ma. Any at~tc-.7t to ditsc-rir!dxnate b4atiT4.11 the ~>n~sof the

* ~~~various degrnc of injury WAi3 fur~ther eoU't~ by ths arbitrary and

* anopArficial n.~turo of tha. clinical clas-Aficat~ion of~ sevority of frost-

.......................................
. . . . . . . . . . . .. . . . . . I,',,
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bit*. This wasn particula *y true of the distinetice bob*e= secondt

and thirdt dep-oa lesions. Wei division 1s based only an the depth

of skin loss. A severe seoond dbree 1n31u is therefore often dMf-

fereuitlated. frum a mild third degree lesion l!I the vxrvival of a few

epithelial cells. The dr~age to the deeper struztram may be Identical

In the tvo instaz**. "Ma clacalficatious flzrtherwfrov doas not take

Into ecasili~ration thia =ztont of 1nvolvc~t Ah2Icb Wa be an Im~portant

factor in dutetc dair- th* tubsaqutnt varclar recjapinwo

C oct1cthe s~dn t-zAr~t---ro ohbern;tieeo &Dvad that

toos with third diLTrto ftr3tbitO XV In a Stt~O Of ya,Ailtatcicn for

a n apprmeeiablo L ~~of tiisa &ftr in4=7. Thwse toes thtereaftar

uW.=A evddeite of ec-.-r~ivo , .:c.-?otrlet~cn ur: ex~oc.re to --Old of

tha) =.r. or-2vr -*3 th.-t L'i''l17 c;bj~c by to~es vith lwis eavare

Uaf t-t!. 1 t t*;t 3 3 not !-?~z~ n raffie±v-A =:ýi ezl

cl~!-cia1)4 in th3-.tar c-r--n. V~,1,3 eiieittl to evi-38t

tWizt thi-v __a :a ý to cold U t~A t tics idth first vrAn

( ~scczd d-';Lr, I: ftctbl~A 1rz:xf.Vy e:rztisith t.Lo. tIll findin~g

* ~is in a&~-w, n~t vl~t! clinic-l ob!:orv itAc':3 that thia rorhidity 4ý.e to

th.3 post-frzostbitoi~;oapr ce~~ dzcreieos.

The tc-~c-pritAur obe ,,vttines aid not cc.Aitrite r-&ttrir3Iy

* to the wndorvt~'nditn& of the p~~hjof this ac-quoAs to fro,-0tbite.

The hiotory of the lesiotn ar e-ante4 a torpothevis Wh-ich ntght

profit --bly be L-.ibJct~d too lnm'eetXriioa. Drid,-nee t~a3 b-izn ri-,-rted

lil Frapport of the vie-f th'ot c;'pill~xi 7 i~-flo-x is ecntril-led by an

of~. yat,- Otich inactivzitca cirmu~ik'.ig nor-~pinophrine or posemibly

epinaphrine at thm pre-ciipillcr- uphirnctars (6). If this syatký= vere

853
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destroyed or damaged by cold injury a normaflly aub-thrsehold concsn-

tration of the buw~ral vasoconstrictor substance could become eff ec-'

tive and the action of an Wff tive concentration would be prolonged.

This wiuld have the off@-ct of tasenitizing" the vearels; locally to

cold etracs and produce the manifestations of the poet-cold injury

syndrome. Such a diaperture frcma normal pbysiololg =at be asmoewd to

involve third d&rce an wall as first and second degroe lesions. The

difference -in tha rebponsis of th* foier darling the freitopost-

inj~ury p-,riod r-7 be cxp!hina-d ca~ the badea of an additi~nnl inx-Alt to

the Im. cr-mctkic of tho part involve~d. Mhn &uratlicn of this initial

period of varcilstation (up to 3 =~nths after inJuryr) v-so cc;:.cnfmrats

with the tiro re~ired for tho rneevery of &r-~ed nerves.

Vhe t!-ze of e-ýýr.,uimS of tha to-as did not pre!!rnt a pntit~ern

of ra~vz in v-cpzet to de~r"- of Injt.. viaieh c::uld ba er-rL.'dned

s-6wit .y ~.e Th-j rcr.ltc %74.r wxinblo. Cna factoro

of Int'-re-A la V'i; r i..r-A.-1. rct;-w;~ezs, r.y,~csof V.13i the

l(r.~tb of tir_! r,.Z.21rcd for c.tiAva re ar-4rn to oc.cur. Tho v-3,..n value

for cach d_-ýrz: V,3 at l.Oftt ;P mOVACSte ni &boat an hour in th* ;z.jority

of intretncs. Mie d91.!7 In riqrvir;n, rz.,.y have 1>--; (Me to a di:inution

of the uwwber of Auneticning capifl-Uriei as a rertilt of the prol~onsed

action of the Iw.;-ral vaizoconstrictor c'ubstacnce at the pre-c;ýpillry

ephincters. Thise view wrt~s isupported, by th~e observation froqjuently made

In these tests that cyanosis of the side of the toeas w~.s replaced by

a deep r--d color an appreciable length of tire before the t~.rtr

ireasod. CzycrnAted blood was re-aching the mab-pr~pilla17 vtrcus

plonises. Powever, appa~rently due te .me orsistence of sap.-ýa of the

pro-capillary aphincters it vas not pansing thm-u& the ewipi3rficial-

-, -



capillaries anid consequiently the surface temperature was not immediately

affected.

It is not kloww whether or not the durat~ion of the post-cold

injury syndrome is compatible with the tim'e the 'enyme sy-t=n Would

requiire to recover or be replaced if indeed it would recover. Perhaps

investigation of previously frostbitter subjects to determine the reSPonse

.0 the injection of eplnophrine would be*of value 'in deciding this point.

Sieilarlys studies of the effect of parnterally adzinistersd ferrous

ion or ferritin (7,S) which have been showni to raise the threshold of

the pre-capillary sphincters to epinephrines wiuld be of interest.

V. Sul*L CfCT oT •ý

Skin te-poraturs sttudies we~re porform:)d beforat during and after

exposure to cold of prneuioe ly frostbitten and control wuuj.octs. The

results, In -iseral, noubot.Antiated cLrnieot lisresrsions of the chodn"c.

in the circalat~ion of* tiva Divolved toes Vlich have been obsoreed after

frostbite. Short1~r after injury thceie digits sho-'ed excessive vaso-

constrictor tone which wo s rotified in the c•se of theJe severcat injuries

Sruby w eat appcarec to be creplaous denervation of the involved part. A

hnothetical explanation of these fitrtensbj has be te advance&.

The cold stre9s test is an~ effective mpans of eliciting ed.-

eenc', of the post-frostbite syndrom~e. The use or this test should aidL

in datherriniec the patholof y involved and in the evaluation of therapoiutic

isasures. Skin te ferature eeasuretopent e alone were not of material aid

in this respect.
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APPENDIX I

TA1BL E-5 OF COM-1EIATIGNS BDETW*Z TDME AMTR

INJUJRY AIM COMILECTEtD COOLMhG RATES

F-7~



- - - i* ~r TA= I

C-PAINBMM F I ATRIJ~

LI H UZTDCIN ASO H

TieAfte THECC~ta CorractG RateF 1
UKnJUn ) ?TE OF. FAIL WITHC

39 .0354
48 .0141
63 .0244
65 .0193
65 .0847
68 .0394
77 .0494
86 .0035
93 .09 58

107 .0339
1-14 .0215
123 .0314
327 __ 0245_

rh~o-.015

A:-z--!MX TABIS 2

CO=3AI0J r- --- IME =sY AFTLR INJ m
Ak7I cm.m c0;i3 RATE OF THE
wuvir~ui C-:.iAT Tos cY PATIE,;:rS WITH

UMMIMFlThL- 7?.IRD D-72 FROSTBITE

Tire ;.fcr In,-=- Corrccle1 Cooling. Rate

15 .0235
47 0.0156
55 .0680
59 .0419
71 .0487
75 .0175

+~ .143



TOE WITH. -I-S Dn- -TSBIEO

* I

S.• ~ ~CO.ATIOfl E•T42EN THlE Tflv. AFTER IU/JURI

1~ ~ PATIENT WITH S3Srcil ErM FROSTBITE
SA)OF THE CO0TlUTMTROI3 GE-= - E=

i !.),'rt.t oof
Timzi Aftar injury CvjCrnctc-d Cocin Rute

30 .. 0256
34 .0530
"1 .0057
54 .0913

" 56 .0235
. 65 .01467

66 .0701
77 .0593
81 .0131

. *. . -95 .0595
* t1 105 .0415

11.6 .0337
128 ____

rho - -. 082
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.. . . . . . .. . . . . . .• . ... ,. , • .. ,. . .. • . % % ° '. . . '% ..



A- -- - ---..--. U W..V , Y Ll-RI A

AND~~~~ ~ ~ ~ ~ TI,*ZACTj I~sO ATW~KI AIrl, r. O I
MiM U C:aNTTE

of Y 117I-1Q
Ij E - C7atdcvtývFt

Cr1-

32 017
45 .0163103

102 X,319,

625 .03165

-97 .0137

102 o .371



APPENDIX TAMLE

C0RaMTATI~ll B¶irVl 77 T1x TMIE AM~ INJURY
* A;D THlE COM-=ý:t) COM ILME (FGA

WOES WITHI s!W023 11-,1,13 FflMs7~TZr. OF

Tinll.o Afer Injurr Corr.3c,'ed Cooling, Rft

39 .04.28
48 10A3,

*63 .0000
65 .0330
65 .0293

9 68 40391
77 .0558
86 .00~22

f93 .03e8
107 .0562

* /114. .0234
1.23 .0254

rho --. 205



~~~A ...... COE-- COOLIN RA-TE ..... G --- Z-

.. !

30 . .0336 03

34 .0210 'i
2 .o391 T

34 .1071
56 .0214 .0

• : 66 002Y55"

77 .000881 .0119

95 .0060
105 .0142

6 .0108o
128 .... .01_6 , "" :

rho - -. 698
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APPEMIDX TAME 7

CORREIATION ELEEN TM TDEM R• INJURI
Alim THE CORRECTED COOL~i m AtE OF GREAT

TOES WITH SECOMD DGREE FROSTEI2 OF
PATIENT3T3 WITH TI[RD [LREE F=OSTBITZE

OF THE CONTRALATERAL GREAT TOES

SDertroe of Inlur.yl 2(])
Tim After Injury Corracted CooAing Rate

27 .0135
56 .0018
56
58 .0256
67 M191
78 .093 L101 .0177114 .0m7.

3-17 .01St.•, 12.9 .037? ,1

rho- +.482

I.." L, APFE,•IX TAMSE 8

COaFLUATIOI MTM THE 7:1. It ZZR INJURY
A!;D THS C0MECM'ID COOLING PATZ C. GPkAT

TOES WITH TAURDr~ DECBEE FFCO-TMV- OF
PATIEN:TS "Iat U''LATER•T. ItBSIEITE

i

Dereree of !iny 31V
Tine After Injury C -orrecte- Cooling Rate(days) I_(._./_,.___. _

E 1- .0410

4•7 .0091
55 .0702
59 .o066
71 .0327
75 .0101

rho = -. 357

% -i':' * '/ '-. o''* , " '- .. ' * '*. " '. "' '. "' *, - " " . "' * . "' " * " ° '* * " -. e ' .• • • " ' ."% ** " " • ° ," . " i". " "i• IPA " , . • '



APPEMI TAMI

CombrUTIII mLIDSJLU-M IIJUC

AOD TX; MIlCA.'C ' CC01-114' ML'.T 0? Cu'C-AT
TOES 111H7i[7tlURD D*IGXY, EST.311Z OFF
PATIMr WIiTH FIRS^T DýMP. KJ03TIB1TE-

OF qAC% cO T.-ALAFVIL GP~iT TO.;-

ITsim Afts Cojut rrcctc ~Cwl~tn, Rte

32 *TO
45 .0019
63 .0353
65 .0025
89 .0029
97 .0140

102
L37 .04215
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TAMS 1

CORREATICIL BESE ME TDhS A~fl- INJUfl
MfT TIE C0ORUCI-D CNDUQ WAE O? GRU* T

TOES WITH T "I.LC23 Fi,.sTBITS C?
PATIXý7S WITH S-%loi-0 0 iV--- F4STBIIE

OF rnE cOj: ,w.UT6Ra.L G.ýZT TASS

Tir tCLrInj%!i7 correc~tA Cwli11r RAte

27 .0192
56 +.Cci0
56
5'1 .0316
67 0C13
78 Z015

101 .0157
134 .0378

U7 .0371
329

rho # .785
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THE ASCORBIC ACID STATUS OF NDMZAL -O"DIERS
: AND FROSTBITE CASUALTIES

KOREA, 1951-52

I. UHTRODUCTiON

Studies with rats and guinea pies have revealed an intimate

relationship between cold acclimatization and the corcentration of

ascorbic acid in the endocrine glands, particularly In the adrenals (1).

In a study by DTgal and Fortier (2), adult male monkeys, receiving a

basal diet Which was fortified daily with 325 rgm. of ascorbic acid,

showed better acclimnatization and resist.pnce to a cold environment

thpn those given daily only a 25 mnm. supplement of vitamin C. No

analyses of the ascorbic aci4 levels ip the blood, urine or tiscues of

these aninals wero made. In three troatises of 1950-51 (3#45,) onl"

rneaegr infoirnation is noted reparding the altcraticns of vit~uin C

retobolin in rui under stress of cold. A itudy of the effects of

cold on rnn, based largely on pcrje.hotor and visual efficiency tests,

was r_.da by Glic'=n-n et al.(6). Thoy noted that extra sruppleant of

accorbic acid did not enhance the ability of their subjects to with-

stanid expocures "either to intense cold (-20" F.) with protective ."-)

clothing, or to moderate coolness (60' F.) with very little clothing".

It is logical to study the vitamin C status of soldiers afflicted

with cold injuries to determine whether or not there is a relationship

between man's resistance to cold and his body stores o* ascorbic acid. •

During the winter of 1951-52 there was an opportunity to determine the

vitamin C status of larae numbers of troops before and .dfer exposure

to the enviror.nent of front-line cc7.ba- during c ,'d weataer.

...... ... . ... .......... °. ,....... . . -
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II.* SURVEY OF MOOD HAT3ITS OF THE FIR3-TBITE CASUALTIES

Upon admission to thr Osaka )Ln7 Hospital, 31'16 patiente with

varying degrees of frostbite were interviewed regarding their food

intake while stationed in Korea. These 116 cases of frostbite

arrived at Osaka from 3 to 54 days (average 9.6 days) after injury

in Korea.

A. Type of Food 24 Hours Prior to Frostbite

The theater field ration (B Ration) was the sole source

of food for 29 men. A ccnbinatlon of the field ration and

packa.-ed rations for at leas3t one meal was cupplied to

47 soldiers, =aong when 42 were givim cua~bit ration (C Ration)

and 5 the Individual Assault Ration. There were 140 noldiers

-iombited on rc~e rtions exclusively during the

24 hours preced~ing frostbite. 'The cc:*bat rat~cn wis supplied

to 34. of thaaa.40 r.',the Irdividual A.-rault A~ticn to 5 and

the Frigid Trail RMition to one individual. Of' the 34 coldiers

%to sistbaistcd on cezbat rations exclueively, 30 recalled all

the individual itc:z-s' --iiich u-re connur.ed dqring the 2,1+ hours

preceding frostbite. It vas of interest th.at 20 of these 30

subjects suboisted cn cc-bat rations exclucivmly for 4 to 7

days prior to fro31.bite, and two were. require~d to eat this

ration longer than one wcex, Tvumay, for 9 and 12 days.

The cabbat ratinn was desijnvad to supply approximately 3,A00

calorie3i in cric day. Tno aicorbi- acid ccrteotit was 112 mgm.

N-i-ly 1W0 cC tila 112 'r-gi. CtZ)of the vitczir. C WA ccntained

'Cu..erA~t:r ~:~iPurY~eD~crpt~n ~c~sof Nutritive

S9 ter V5. ; Food and Con-

tamner Ins'."tit.U, Inc., Thc~,Illinois.
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I in ase three assortments of wbraad typ 'enda (Called

E -units) and in the Accessory Packet. Either the soluble

coffee in the Accessory Packet or the cocoa powder in the

B-1 unit was fortified with 30 mss. of ascorbic acid. The

soluble coffee contained in the B-1, B-2 or &-3 unit was

fortified with 19, mgm. of vitamin C.

Bo Caloric and Vitamin C Intake Prior to Frostbite

Although the type of ration was recalled, 18 of the 116

soldiers could not ramiczber specific itms of food eate-
* 24 hourn before frostbite, -ai 6d (57%) had forgotten the

item of food eaten on tho second day preceding their cola

Injury. Six soldiers 'who were interviiwWd upon arrival at
the O00Ika Ary Hospital, and re-surveed on the third day,

gave divargent stataents regarding the individual food
ites ewhich were eatem in Xorea during the day preceding

frostbite.

The 30 frostbite patients who rfcalited the individual itm"s

of tha ce-bat ration, revealed the following intakes per man
during 24 hours prior to cold injury,

2.2 cans of moat-type foods
1.7 cans, calleJ "--v•tawt (na?-.ey, crackers, cookies,Jams, bevervge powders and cwndy)
0.2 cans of fruit
Slto 3 cangy bars

An estimate of this intake was 1800 calories and approxi•ately

50 mrm. of ascorbic acid. Since 22 of the 30 men were on this
ration solely for 4 to 12 days, such average intakes might

have prevailed for longer than 24 hours. From the quantities

of ce-bat ration consumed on the front lines 24 hours priorto frostbite, it ws crncltded that these 30 soldiers ingested

670 S. .. . ,~~ - 1 . -V , ,7. .. . . . . . •'• . , .'.•
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/S. less than ens half of the normal reqireamnt of calories.

In reviewing the diets eaten 24 hours prior to frost-

bite, it was found that 55 subjects (26 Negro, 25 Wite

and four Puerto Ricans) recalled the individual itsm

of the combat ration which comprised a single meal. ftm

the consumption of th.e bread-type (B-unit) items,, on could

deduce grossly to what extent ascorbic acid was ingested

during the single neal.

Only the B-units which. were Supplied to 26 Negroes and

25 Miltei duri', the 24 hours precedig ftrostbite were com,-

sidered. There was relatively equal opportunity for ac..

ceptib.: tha coffee powder, cocda and ja= contained in the

8-units. The percent acceptsance of coffee poewer by White

and Negr soldiers v% 25.0 and 10.3, respectively; the

percent, acceptance of eomoa pow•1er is 64.3 and 33.3, re-

opectivry (T~bl.e 1). •he pýercent accepta&hce of jam by

White atA IPro subjects wz S0 and 75.0, respectively.

None of the differences between White and Negro percentages

of acceptancn were found to be significant. The most ac-

ceptable ite•, nely, the jam contain,-d only 2 tyu. of

"ascorbic acid. The coffee and cocoa powders, fortified

with 15 and 0 =u. of vitamin C, respectively, were fre-

quently discarded, along with the sugar and milik powder

"(contained in the B-units). Other items available in the

B-units (cookies, crackers and candy) although containing na

oi. insignificant amounts of vitamin C were rarely discarded.

The individual daily intake of water for 13.6 patients ranged

. . - . .-. . . . .. .
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ACCEPTAMIJr OF ASCORBIC ACID ORTIFIED 1790

OF THE COitT RATION ISSUE 24 1'JUR
PI•OR 70 i•0STBIZ•

Food item and Total items 'No. of Percent of go. of
its Ascorbic supplied .to Accept- Accept- 3. S. In
Acid cozQýntent R.ea *oldlers Ances snces,1e, o

Coffee pov~er; White 36 9 25.0
*15 mgm. ascorbic 1.7

mgm. 1.2•.•,•.•¢ ~~ ~ i 2cd '.to 2. !5.0 .. .

.. cca p.ýMer; X-aito 9 64.3
30 mU. ascot- 1.5

frcm 0.75 to 3.0 liters por day with a mean intake of 1.1 liters.

C. DiscuLsion

The evaluation of nutrition by the technique of survey is

difficult. The data Siva presumptive information in the light

of mn.rn uncontrollable factors, such as econcmic status, oc-

cupation, clizate, clothing, age, sex, food custcms, state of
* health and the like. A survey in an army might be more valid,

since the population is representative of every section of the

United States, and certain of the aforementioned factors on-

countered in civilian surveys are absent. However, such

variables as tho physiologic and psychologic stress of battle,

weather, fear, food habits and capacity of memo.-7, should be

weighed in the final Interpretation of the findings.

The reduced caloric intake of the soldier while subsisting

on partial c€..a.t rations is =ch more critical frcu a

nutritional, and from a military, point of view than is the

•.• .- .. ..... *.- - .- . ." ~. ..... . ..- /-/.".
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t. -- soLe emission of vitamin C. The importance of adequate

caloric intake in cold weather for as brief a period as

F 2 to 3 days we .exemplified among soldiers in the reports

of Kark, Johnson and Lewis (7M.)o A toughened, healthy

platoon of 17 i•fantrymen, man neuyers under subarctic

winter conditions, subsisted solely on beef pemican

(dehydrated prime beef with added suet), tea and tobacco.

* The intake approxiated 1,500 to 1,700 calories (comparable

Sto the intakes of the 30 cases of this report) while the

." rk output was about 4,500. The vitamin C content of the

ratio;; was zero.. Within 48 to 72 hours the morale and

physical fitnes3 deteriorated so as to render the men *com-

pletely Usele3S operationally". Thel felt the cold keenly

in contrast to their usual good adaptation to outdoor tempera-

tures as low as -30" P. With supplanents of bs1cuits, oatmeal,

milk and condiments recovery was reasonably good, but ful

-,"gor was not manifested until given a week of rest an garrison

*' . rations.- It was interesting to note that ascorbic acid,

" eliminated in the fasting urine, unlike the members of the

"vitamin B cozplex (thiamine, riboflavin and nicotinic acid)

fell from 0.? moo. per hour before the test, to 0.4 mgm. per

,+" !hour after 3 days of ration. IMood levels, however, were

not reported.

*The results or the 1951-52 winter survey relative to food

Slhabits, athoh gleanc•4d 4^ a small nmlber of casualties,

suggested htronsl that the frostbitten front-line soldier

(subsisting e~clusively on the combat ration) was perhaps

i i...3 '
S.. .. .. . . .... ... .. .. ..... . .. .. ... ,,., .. .. .. . ,. ..........,,....-. -., -,,,.... .. :,.:,..,+•,-- .;,,? .:..,. ,,*,.,, ,2..*...2, .,, .



handicapped b7 Insufficient calories. Concomitanitly,

his 'vitamin (and particulaarly, vitamin C) Intake was

reduced. " b; main sources of ascorbic acid ini the co-bet

ration were fortified foods which were poorly relished

by these soldiers. Since 22 of 30 soldiers Interviewed had

combat rations exclusively for store than 2t4 hours, the.

findings with respect to the ingestion of calories; and

'vitamin C take on added significance.

situation in World War 33. The main~ source of ascorbic

wihelmlng majority of the men. Moreover, both nornsal par~occiel

and random hospt.tal admaissions showed low levels of vitanin C

in the blood.

2.Ul OIAL WDADI1C, ("SIT .ArIOIN) TMTSr WIN AS-OnIC *

To gain more information regarding the vitamin C stores In

sodesafflicted with frostbite, loading tests were started immediate-

17umadmission to the Osaka ArtV~ Hospital in Japan. According to

tesaturation theory, "the highest health and efficiency are achieved

whnloading tests reveal a high level of vitamins in the body" (1-1)-

874
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to a thousand a ms of ascorbic acid by oral, but more usualy

by parenteral, mearns. The amount of vitainn C in urine, b3:ood or both

In determined after eone to several hours foll3owing the test does. Mwo

studies reported bore wre conservative, if not therapeutic In designp

supplying oral 250 w of preformed itamin C dal•y. These loadie

trials were shert-trmwflonding typei but based rather an

analyses oa fasting sera and the corresponding urines 24 hours after

* thb adinistration of the vitamin. From a nutritional point of viev

such an approach may giv better proof of saturation.

~$ ) Betwieen December 1951 and April 1952 a total of 95 saturation

LI * studin' ware ccnpleted, 13 being with White patients, 47 with Negro

'. .-*1 fMes with Puerto Ricans. These patients were evacuated in afl

tmmber3 by air frau'the Cold Injury Center in Xorea to Osaka, Japan,

resulting in a staggering of the loading trials throughout the winter.

* * nBas oa the final diagnoses 41 had 3econd degree, 35 third degree

, and 15 fourth degree frostbite. Of the reaining four subjectsp two

had first degree frostbite (the mildest category) and two the Pill-

**. I classified eondition of the feet". The studies usually extended for

( 4 mont with extrees of termination varying fron 2.5 to 6 weeks.

It is emphnsized that the data did not begin with the first post-

. .injury day In Korea, but. on an average of 9.6 days later, after the

/ casualty as evacuated to Japan. The interval between the occurrence

o.0 frostl'lte in Korea and the initiation of loading tests in Osaka,

Japan, ranged from 3 to 54 days. Comparing the Whites and Negroes,

i• • the interval betvwen the occurrence of cold injury and evacuation to

Japan was relatively equal. The determinations of ascorbic acid in

sera and urines of 95 frostbite patients in relation to time of ad-

875
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* mission to the Osaka hn Hospital were as follows*

Days of Sesr Urine
d mission Patients Analyses a s

S1 8 o0 69S2 1 1 1 .

5. 10 10 00
S .'.3 3 3

Fiftem of the preceding 95 patients had subsisted on the hospital

diet for 2 to 8 days before the first determination of ascorbic acid, In

J their *ora and urines was made. Only the data of SO subjects, eoxwned

on the first day of admission and serially to the ninth day, are stressed

in this repbrt. The results before, and after, supplemntation with

ascorbic acid are discussed separately.
/ A. Dietax- Plan

The "basal period" or "pre-saturation period" in this study

, refers to the nmber of days which the frostbite patients

subsisted on. standard hospital diets without vitamin supple-

..ents. For 86 of the 95 subjects this basal periodlasted

frow 3 to 9 day& and for the remainder fra 3 to 15 days.

* On three separate mornings determinations of the ascorbic

acid content of fasting blood and urine were made. These

values are referred to as "basal determinationsO.J 1After basal determinations of the ascorbic acid content of

*. the blood and urine were made, each patient was started on

the saturation test by being given two tablets of vitamin C of

50 mo. each and two multivitamin tablets following breakfast.

The total preformed vitamin C supplied daily was 250 mgm. The

'patients were served three hot meals and an eveni snack in

bed. Usirg the food values listed by Bowes and Church (12)#

676
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the average daily caloric intake accordin to the

menu between December 1951 and March 1952 ranged from

3,704 to 3,940 calories with a mean of 3,829. This total

does not include the candy and beverage purchased by the

individual patient from the hospital post exchange. The

ascorbic acid cgmtent of the hospital diets ranged from

.. .157 to 03 mp. daily with a mean of 184 mM. The actual

intake values were presumably much less wihen one considers a

kitchen and plate waste of approximately 2Z: of ti.e caloric

value of edible food and destrjction of vitamin C in storing,

processing, cooking and warming of food on the steam table (13).

SUCh losses may approach 35 to over 70% (12,1l,15,16,17,iS).

The food samples were not analyzed in this study.

In smrary, the frostbite casualty was supplied (but did

not necessarily ingest) approximately 184 mp. of ascorbic

acid from the unrsupplemented hospital regime during the basal

period and theft a total of 434 mp. (184 plus 250) daily for

the remainder of his hospitalization. This is over eight

, times the daily level recomnded for normal individuals by

Army Regulation 40-250, over four times that by the National

Research Council (19) and more than 14 times that recommended

by the Canadian Council on Nutrition (20) or British Accessory

Food Factors Comittee (21). Both the American and Canadian

councils have indicated that the daily requirement for ascorbic

acid namely 75 and 30 mm.., respectively, "are without adding

margins of safety of additions for illnes3 or injurr".

B. Experimental Procedure

-. The deterdmiation of vitamin C in serum, urine and vesicular

= M877
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in the field, is described in the text,. "etabolic Methods*

(22). Ascorbic acid we ma4oszed by a aicromethod, titrating

the metaphosphortc acid filtrates with the dye, 2-6 dicloro-

Phenolindophenol. With each group of blood sample., the dye

was standardized against a weighed amount (100 qp.) of

cry st~afli vitamnin C (Merck).

When tha probla of measuring ascorbic acid in urine arose

it we. agreed that analyses of the fasting hourly urinary

elimination rather than 24 houw collections would be expedient

for the following reasonas

1. Collection eriors

The shorter the period, the greater the accuracy in

quantitative collection of urine of bid patients.

2. O0idation of vitamin C in the urine

In speci&es .r, Aining at an average ward temperature

of 70*-7 i.F. for 21 bours the factor could be altered

by pdosible bacterial contamination.

3. Less disturbance of the patients

In order to obtain the best cooperation, it was desirable

to minimize the duration of the study since the casualty

also was subjected to other tests and medications which

could affect urirAry output.

The field method for collecting fasting urine is designed

for ambulatory subjects, and proposes the ingesticn of "at

least one half pint of water, its order to insure diuresiso

after a 60 to 90 minute period. This amount was insufficient

for the frostbite bed-patient. The bed patients had difficulty

878
,•:- :•;•;~~~~~~~~~~~.-... -,.................j•., .....-.." " """ -.-. "-•....-..- -- ". . . -.. •.. .. •.

.. . . .. . .... . .... .. ... ..

, * . S*~;-. %, , , n U n



S...... .I!

in eaptyin the bladder on demand and the urine volumes
t - were usually very low. To await additional quantities

," eof urine would delay breakfast until late in the morning . -

*'. and interfere with other hospital routines. For thene *

reasons, 1 to 1 1/2 pints Gf water were ingested to obtain

an adequate amount of urine within 60 to 90 minutes. Mhe 
. 1

following procedure was used., Before breakfast, at 0,A hours, -

, the individual emptied his bladder and the urine was discarded.

A'venous sample of blood was drawn. The time was noted %ten

be drank the water and then he voided .60 to 90 minutes later.

Tbe t*tal volume was recorded, and an aliquot was prtserved .,

with oualic acid. The sample was stored in a refrigerator until

subsequent anal.sis that same morning. Duplicate aliquots

(0.."-O.5 cc.) were titrated with the dye solution. For "esar",

the titrations of the filtrates, although in duplicate, were

performed from a single blood specimzn. All tests were

performed by ene individual (L.J.P.), and the fleeting end-

points of the titration agreed within 0.1 ml.

Although food was omitted between 1930 hours (the bed-time

snack) and 0730 hours, water wt - not limited. The word "fasting"

(e.g. fastirg serum or fasting urine) is to be interpreted with

this reservation. The concentration of ascorbic acid in serum

is expressed as nilligr,3ms (0g,.) per 100 cc". The quantity

of ascorbic acid elininated in the fasting urine is expressed

as the total "mil.igrams per hour". This hour refers to the

60 minutes i=edlately preceding the end of the 12 hour fast,

" and it is not to be interpreted as an amotnt -which was excreted

* " "o'arly durir4, any other time of day.

......... ..••..,..,8 *
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Since the normal value a.' ascorbic acid In the s

of adult humans is not clearly established in the literatarn

the folloiing ratings were arbitrarily nades

* g"Poor" - 0.39 am. per 100 cec. or les
"Fair" - 0.40 to 0.79 kmp. per 100 Ce.
"Satisfact¢.eJ" - 0.80 to 0.99 mva. per 100 cc.
"Excellent" - 1.00 mm. per 100 cc. or higher

C. Results

I. Pro-loading values

The mean ascorbic acid concentration of the fasting *or&

of 80 patients on a•mission to the Osaka Arwz Hospital ins

0.60 mg. per 100 cc. (Tabli 2). Comparisons betwsm the

TAFA 2

IN1TIAL NMN 5SLUI ASCORBIC ACID LUMS
FOR 80 FMOSTBI73 PAITS -

No. of Kewn Seria
Patients Ascorbic Acid Standard

Race (Fastirng) M, 00 cc. Devic-tic

Waits 34 0.63 o0.3•?
Negro 41 0.56 -0.273
PUerto Rican 0.74 . 0.672

Canbined
G0rand Mean) so 0.60 ±O~2

mean values of White and Negro subjects showed thMen A

to be significantly different (Table 3). Table I. sbow

comparisons of levels of ascorbic acid in sera of 80 sPb-

jects tested on their first day of hospitalization and

during the basal period. The averages decreased from

0.60 mgn. per 100 cc. on day 1, to 0.51 mgm- on day 3 and

then rose to 0.72 mgm. toward the end of the test period.

The onlv alteration among these values showing statistical

I III)
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P.ACI PAISONS OF INITIAL MEAN SFAX AS(OXRBIC
ACID VALUES FOR 8 FROSTBITE PATIENTS

No. of Mean Soan=
Cases Ascorbic Acid Standard

Race (Fastin•) +!ZO1_00 cc. Deviation tj P

White 3, 0.63 - 0.337 0.975 >.30
fferro &1 0.56 10.273 0.7 >3
Negro 1 0.56 _0.273 0.593 >.50
Puerto ican " o, 0.672 -

"hite 3 0.63 - 0.337 0.356 >.M0
.uerto tican 5 0.71 ±10.672

TAKZ 4

OWARISOM OF DAML HMEA SERUM ASCO)RBIC ACID VALUES 0F
80 FRIOSTBITE PATIENTS WITH RESP.CT TO MMM OF?

DAIS SUMSLSTIM 0N AM HOSPITAL DIET

Mean Serum
Days After Subjects Ascorbic Acid Standard

-]"T/100~~~ cc. Deviation t P
80 o o.6o -7 o.327 o.2o6 >.go"":'

2 79 0159 - n '-M::
1 SO 0.60 ±0.327 1.S63 >.10

S 73- -0.51 1 0.270 - -

1 so 0.60 10.327 0.749 >.50
10 . 0.69 ±0.62 -

10 0 0.60 Z0.327 1.556 >.20
0 12 0.72 -0..O 0 -8-

2 79 0.59 0..7 1.774 >.1o
3 7 0.51 ±0. -

2 79 0.59 .10.287 0.40 >.50
10 0.69 -0.62 .-. Z.

2 79 0.59 - 0.287 1.731 >.10
16-9 2 0.72 ± 0.280
"73 0.51 M 0.270 1.515 >.20

4-5 10 0.69 . 0.362".-.-
3 73 0.51 Z 0.270 2.804 <.01

26-9 1 0.72 -0.280
4-5 10 0.69 -0. 0 >.36
6-2 12 0.72 0 0.280 ...

Sal
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significance, however, wma that between the lowest ana

highest values, corresponding t.o d&73 and days 6 to 9s

The grand nean of 263 analyses made an 180 patients during

the pre.saturation period was 0.58 upg. of vitamnl C per 100 cc.

* ~of ter~m. In contrast, the grand moam value of 52 sews Man us"

of ascorbic acid made for 15 additional patients lboe atudie.

began between the second and eighth day- of hospitalization and

terminated between the fifth &Ai fiftetnth day before begim'Ing

the loading trials with vitai.6n C, was 0.6a MP. Per 100 cc-.

This average of 0.68 up. was significantly higher than the

mnow of 0.58 uV. voted for the wanayses of the 80 subjects

(t -2.639; P<.00i)1 From a nutritional rating, however,

these means (0.58 and 06S3 mg=.) &ae of the sane order and wr

not saturated. according to maivj valuos cited In the literature-

Tha data of the 8D subjects suggent that during thobesal test

period of nine days the diet alone maintained or Slightly I*-

proved the vitamin C concentrations of the blood as noted cc

the first day of hospitalization. The difference of themanJ

throug3houit the basal period, either for the 80 subjects or

the remaining 15, did not vary by more than 0.2 sip. ascorbic

acid per 100 cc.

The distribution of 315 analyses Of fasting geta Of 95 Patients

ex~mined during the basal period is shoim in Table 5o Fairly

equal representation of the values was found among the Whitean

Negro subjects. The lowest lovels of serumn ascorbic acid,

namely, 0.15 to 0.39 oýP., appeared in 30% of the analyses and

1; IQ i .low.



were show by 26 of the 95. patients. Ltkewise, 19 of the

95 casualties showed initial sera concentration of 0.85

to 1.50 m.. of ascorbic acid per 100 cc. which were rated

Satiafactor7 to excellent. During the basal test period

S the values edhibited by these 19 men remained essentially

unchanged. 'he single highest fading seor level noted

among the Negroes, Whites and Puerto Ricans ms 1.30, 1.46

and 1.50 op. of vitamin C per 100 cc., respectively.

DISTHrIBUON OF SMM ASODRBIC AM VALUES FOR
'95 IS1lOhI ?ATM,=rS SIUSISTING FOR 9 DAYS

09 M~~ HOSPITAL DIET

( I Analyses
Rating With Range or ssrtn Analyses kudyses F:r 5 Total

I Sati.Sfact°r| o.m) to0.99 f 1. 25 1. 4 5 !14.0
" •=~AeI3ent 0 _,Cto 1-50 _ 1 12 4 37 - 12.0 1-" •

"only 69 inalvidual samptes of fasting urino were collected

÷ t'rI thu 80 patients• whose sera were analyzed on the first

day of hospitaliztion in Osaka .The mean milligras of

vitaints C eliminated in thq urine during th- fasting hour

wan 1.47 (Table 6). Couparison of the mftzn levels of ascorbic

acid in urines of these 69 patients in accordance with race

denonstrated no significant differences (Table 7). When the

levels of ascorbic acid in the sera of Whites and non-Jhites,

respectively, were compared with the correspondifnj araounts

of vitamin C elininated in the urine, no correl.tion vs demon-

$883
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TAMEZ 6

INITIAL MEAN HOURLY URINARY ASCORBIC ACMD VALUES
FOR 69 FIOSTBITE PATIENTS

No. of Mean Hourly Urinary
Patients Ascorbic Acid Standard

R~ce -(Fpmti R) j r~O c

White 29 1.47 ± 1.099
Fegro 37 1.U1 ± 1.167
Puerto Rican 3 2.20 _2.458

Grand Meim I.47 ±1.175

TAMLS7 -

RACIAL OVARIwN OF INITIAL WEA HOURLY UW(NART
ASCORBIC ACID VALUES FOR 69 FPOSTBITI PATIWM

no. of Kenn Hourly Urinary
r Caes Ascorbic Acid Standard

&-tce (_. . 9---0-- cc. Devi-rtion t _

xhito 29 1.47 - 1.099 0.214 >.90
•_ 17 ld . _. 1.167

1-.o 1.41 1 1.167 0.552 >.60
Ri-oPcan 3. . 2____20 ___ 2J-5-

~it.29 1.47 -1.099 0.509 >.70 -

Puerto Ricn 3 2.20 -.2.458-

strated. Likewise when the 69 values of ascorbic acid in

sera of the combined race-) and 69 values in corresponding

urines were comnpared, no correla Lion wias observed. 7hi "r*

value for the product-mnoent correlation of all the data

was 0.042. These results proved that there was no ccrrelation

between fasting sera levels of vitamin C (xwn. per 100 cc.)

and the amounts (1n~m. per hour) eliminated in the correspond-

ing urine during the first day of hospitalization In Osaka,.
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The comparison of the dail7 mean level of ascorbic acid in

urines of 79 frostbite patit.ts in accordance with the number

of days they subsisted on the standard diets of the Osaka Army

Hospital is shown in Table S. The largest number of tests was

1made cr. day 2 and the =l-lest on days 4 and 5 (range 9 to 79).

The average e.xcretion per day decreased from a mean of 1.47 Mm.

ascorbic acid per hour on day 1 t6 1.24 up. per hour on day 3,

"subsequently rising to 2.13 mgm. per hour on days 4 and 5, and

S- I falling to 1.49 uP. par hour (the initial value) on days

6 and 9. The difference between the "maxmum and minimu mean

values of ascorbic acid excreted per hour, namely, 2.13 and

1.24 m..,. respectively, was not significant.

The grand mean of 257 urine values obtained- from 80 frostbite

subjects during the 9-day basal period was 1.39 1.093) mgn.

ascorbic acid per hour. In contrast, the mean of 45 urine

analyses of ascorbic. aci& obtained (rom the 15 patients whose

"studies began between the second and eighth day of hospital.-

zation and terminated between the fifth and fifteenth day before

beginning the loading trials with vitamin C was 1.28 (1 0.864) m,.

per hour. The difference between these averaaes was not signi-

ficant (t - 0.735; P >0.5). It was evident that alterations

of the concentration of vitamin C in blood were more critical

than those in urine. The urine values substantiate the con-

clusion that the unsupplemented hospital diet (estimated daily

"content of 184 mgn. of ascorbic acid) was not able to increase

significantly, during the basal test period, the quantities of

"385
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TABLE

CMPAISON OF MAN HOURLY URINARY ASOE0IC ACID

VALUES FMR 79' PAT•ETS WITH RESPECT TO WA
OF DAIS SUBSISTING ON ARMY HOSPITAL DIET

Mean Hourly Uriar

Days After Subjects Ascorbic Acid Standard
AdmIssion (Fa stin2, ,, /10 ce. Deviatlo .. t P

* 1 69 1.47 ±1-175 0.282 >.80
2 79 1.42 61 691.47 - .1+•75 1." .ol" '-3

4 0.064 - -

1"16 .47 0.709 >.50

1 69 1.47, . _1.l 0.085 >.MO
6-9... 12 1-119~-
2 79 1.2 1.158 >.30

2 73 1.42
2 79 1.42 ;.'6 0.761 >.50

9 2.13t2.2

3 73 1.24 ±0.960o .]35 >.-o

3 731.241. 1.135 >-30

4-5 9 2.13 12.762 0.6131 >.50
2...6-9 12 1.49 .0.782

4 4

vitamin C eliminaLed in urine which were reported on the first
4 .

day.

The distribution of 302 values of vitamin C In fasting Wine

collected fr- 95 frostbite subjects during the basal period

is noted in Table 9. The urine values of ascorbic acid ranged

Sfrom 0.13 to 1.9 =m-- per hour in 87 of the analy3es. Such

value, are ca=only quoted for normal adults in .he literature.

However, 13% of the urine data, representing 29 individuals,

showed very wide variations, namely, from 2.0 to 8.85 mi.

per hour. The highest eliminations of vitamin C among Puerto

886
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Rica•ns, Negroes and 'Wites were 5.9D, 7.O and 8.5 DV.

• • '"per hour, respectively.

' ' i+DIS•TRIUON OF MEAN HOURLY URNR ASCORBIC AI

AAI

•... ~VALUES FOR 93 PATIENTS SUMISTTIM 9 D1AYS ON AMFO HOSPITAL DIET

H.ourly Uriary Arnlyes Anaelses for 5

"Range of for 43 for 47 Puerto I Total
Ascorbic Acid thites Neoes .Ricns .Analses

.0:13 to 099 51 61 7 119 39.0
1.00 to 1.90 70 70 4 144 48.0

2.0o to 2.90 7 12 1 2D 7.0S3.oo to 3.90 3 7 0 10 3.0
4.0o to 4.90 1 0 1 2 0.7
3.C0to5.90 2 0 2 4 1.3
6.Oo to 6.90 1 0 0 1 0.3

S . 7.oo to 7.90 0 1 0 1 0.34 .OD to 8.85 1 0 0 1 0.3

Total 136 151 15 302 100.0

2. Oral Loading Values

"The loading studies comprised 496 analyses of the fating

blood and 496 deterzinations of the corresponding urines.

AltYhough it was planned to supply daily a 250 mnp. sup-

plement of ascorbic acid for 25 day3, the final tally1 showed that 31 of the 95 subjects had Missed a dose for

"- .1 to 3 days and one patients a negro, had not taken the

'I I . supplement for four consecutive days.

Since the proof of saturation with vitamin C for the

majority of the patients was manifested before any of

I $the '%issed" doses occurred, the final conclusions were

not materially affected by this error in management.

--; . 897



"The alterations of the mean serum ascorbic acid lewis

for 95 patients after loadin with 250 mgm. daily Over a

period of 25 days are shown in Table 10. Comparing the

grand mean value of 0.60 mng. of ascorbic acid per 100 cc.

during the basal period with each mean. found an subee-

quent days of supplementation, a significant rise was

noted as early as 24 hours after the first dose. 1he

highest mean vitamin C value in the seru, after 10 to 12

days of stnpplemeI~tation, was 1.22 mgm. per 100 cc. It

possible that this mean level might have been higher had.

there been no moission of the daily ascorbic acid wupl.-

ment by certain subjects.

There appears to be an inverse linear relationship be-

"tween the initial levels of vitamin C and the number of

days which one, had to suppl~eent the hospital diet vith

the factor in order to saturate the blood with ascorbic

acid (Table U1). At the time of admission to the Osaka

Army Hospital 28 frostbite patients who showed relatively

low serbua levels of vitamin C, r. mrely, 0.22 to 0.39 sa.

per 100 cc. averaged 5.2 days (equivalent to 1,300 in.

of preformed ascorbic acid) before the criterion of

saturation in blood was satisfied. Likewise, 56 cases

consumed in 0.8 to 3.9 days between 200 arn 975 mgm. of

additional vitrgin C (not including the amount in the

diet) before saturation was attained. The 11 subjects

i who ohowed relatively high levels of serx- ascorbic

acid at the time of their admission to the hospital,

888
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r TAKLE 10

CMtPARISOfl OF IMMI SEtURf ASCORBIC ACID lMEVLS 0flTAITU INl THE
PREI-SATURATION PVUlOD FOR 95 FW7STBI7ME PATIM1TS WITH RESPECT

70 SELECTED INTERVALS OF THE SPPU)ThITATION PERIOD

Days of Mean~ Serum
Supplementation Nlo. of Ascorbic Acid St~ardard

with Vit. C tma•ynes -.. /100 cc. Deviation t ,

0 (Pre.Satura- 315 o.6o 0.292 -
tion Period)

1 60 0.70 0O.322 2.24' <.02
2 40 0.84 ± 0-313 4.61L <.001(3 46 1-05 ±0.308' 9.31 <.001.

4-6 71 1.08 0-44 1-3 -0
7-9 62 1.1 ..-0.268 14.29 <..•1

10-12 48 1.22 10.265 14.s& <.oci
13-16 57 1.15 ± 0.240 15.34 <.001
17-20 55 1.11 ± 0.25-3 13.48 (.001
21L-25 57 1.08 ±0.214 14.63 <.001

TABL%-!

MARO(iT OF MEF!Od::-:, ASOOIRBIC ACID LE D TUM IN DAYS
RBTUIRED TO ACHIEV RS&.1 P-ATI•AI0 WTR 95

FNT LS OFiT PATIE2T O R

Ranoe of Initial Mean Days Total. Prefo.med
Satipng wit Ie Ser"oo Ascor- to Achieve .Ascorbic Aci

wispect to :o. of Peyrcent bic Acid levels Saturation tiven get,
ViannC ie!! of C-SC CC In&r- ain

Poor 2C 29.5 under 0.39 5.2 I 1300
Fair 4- 4 46.3 0.40 - 0.79 3.9 97.
Satisfa 1 12.6 0.80 - 0.99. 0.8 200
Exellent 11 11.5 over 1.00 O, on1 e N.one

rotal 95 j99.9
naneliD frn-o 0.85 to 1.50 mgi. per 100 cc.. wer .considered

saturated wit~h respect to this factor from the start.

-or these 11, the ousupplercntcd hospital diet alone o13

............................................. .. 001..
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suffIrient for maintaining their Wni' Al levels Of

vitamin C throughout their pro-saturation period.

Saturation curves of *or= and urine ascorbic adid

levels for the frostbste casualty# 11 to 50 days post-

injury, were made (Figure 1).. Example saturation curves

for first, second, third and fourth deoe frostbite had
relativery s patterns (Figures 2,A9,,5). •The im-

mediate fall in the levels of ascorbic acid in snmi and

In urine as shvow in Figure 4 following the withholding

of the supplament for 3 days is noteortw.

'he alteration of the levels of aacorbic acid In the

urine of 95 frostbite patients after daily loading with the

factor am shown in Table 12. Camparing the grand men

Svalue of 1.37 *Va. of ascorbic anid per hour in th. urine

during the. basla period wifth. each mean found an subsequefft

days of supplementation, a signif.cant rise we noted

48 holar' after the first dose. In. csparison, 2i4i904capt

P increase in the vitamin C cont(mt in'sera became Manifested

one day somer (Table 10). The mean leel of vitanin C IT,

the urines beginning With the second day Of loading, ranged

from 2.26 to 6.16 mo,. per hour, which was equivalent to

1.5 to 4.5 times the urine values noted initially.

The highest mean excretion of ascorbic acid In the urine

was 6.16 xq. per hour. It is possible that this zean level

sight have been higher had there been no ontssion of the

dail ascorbic acid supplem-nt by certain subjects. The

very high and inconstant standard deviations shown in the

•,'_.,•.'..•• . .....-.- ••;.;..........................,...-...
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analyses of the urines (Table 12) as compared with tbose

of the sera (Table 10) dencuatrate the marked variability

In the results of th former. Such inconstant levels of

ascorbic acid In urine depreciated further the value of

urim detenmunationa as a means of evaluating saturation

with vitamin C under the conditions of this stu:y.

OMIPARISON OF MWAJ WXJI URfINARY AS00RBIC ACID VALUES OBTAID IN) M11
MR-SMURATION PERIOD POP. 95 FI)STBITIE PATMMT WITIH IIEMMT TD

SELECTED INI~MAS OF IflE SUPPLDM4TATIN PMIIO

Days of I ean Hourly Ur-n2zy L
Suppleme.tat.lok No. of Ascorbic Acid Standard
_____________ An4i-eq sA c Deviation I t P

0 (Pre-Satura- 3w 1.37 -±1.063 - -
tion Period)

1 60 1.60 -1.272 1.34 >.10
2 10 3.25 1 3.28 3.64 <.001
3 1,6 2.26 ± 1.491 3.90 <.001

4-6 71 3.49 . 2.631 6.71 <.001
7-9 62 6.16 _ 6.859 5.48 <.001

10-12 48 3.96 . 3.845 4.63 <.001
13-16 57 3.05 ± 2.237 5.56 <.001
17-W) 55 3.08 1 2.236 5.57 <.001 ."---

21-25 57 2.66 1 2.106 4.51 <.O-.

D. Discussion

It has been noted in the literature that saturation tests depend

on the fact that renal elimination of a test dose of ascorbic

acid does not occur to any significant degree in a deficient sub-

ject until his reserves have been restored (23,22). From the

data of Table 10 it was seen that the mean serm vitamin C after

dai3y supplements of the factor resulted in L grdficantly higher

values than were present during the pre-saturation period.

896
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I" After the daily suppleMent of vitamin C, the mean ellmina-

• tion of the factor in the urine was not significantly higher

than that noted during the pre-saturation period until 2 days

had elapsed. After 2 davs of such loading, however, the mean

serum ascqrbic acid level proved to be 0.84 mpn. per 100 cc.

This value was presumed to have been the minimum level of

vitamin C which had to be reached in the serum in order to attain

a significant elimination of ascorbic acid Ax urine (hence

(.; "earliest" saturation).

SIt is ephasized that the meaning of"the word, "saturation.,

in this study" is limited to the interpre' ,tion of ascorbic acid

valuers as pertains solely to blood and ur"... Until analyses of

the ascorbic acid content of tissues are w.. -n frostbite,

patients, One may not assir±e that the satura..on values of the

blood and urine are related to those of the tiasues.

Although possible influence on the vitamin C values In blood

by only a hospital diet was acknowledged, it was evident that

such sipdnficant risej of vitamin C levels, by diet. alone,C.
could not have occurred in a period as brief as 24 to 48 hours.

With respect to urine in particular it also was observed that

no significant increase in the elimination of the factor had-

"occurred during any of. the 9 days of the basal period.

Contributing to the variable response among frostbite patients

with respect to ascorbic acid may be such factors as the degree

of absorption of the vitamin, its destruction in the gastro-

intestinal tract, the stage of wound healing, kidney function,'

urine PH, body size and severity of illness. The premise that

.M897_
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a bigthsr utilization of vitamin C might be anticipated 1n
Uses, frostbite cases du.* to seccaudary Infection It untenable

bemause aln suibjects were free of secondary infections of

their wounds. There were no significant differences in the

results of 95 cases in accordance width race.

7here was.& strong possibility thot the blood values WIMMl

h av beoen ld 4r frtl ratisfatod b7 det aoe. the aomdditioa

&Ian,, afweterwsto ensures excovaellent furitio amostbcote

intue casulatiesy anz~s quickly o o ascpsil.Forbi acid ..iicber

pinetofedý btfhe improtving of thoe indthidtais fect-being

am os.-irt y his ordter tof rezai ad reducnrtion ihospital~.pe

toty al ofsamt 1Di0t tooe, a,00 a apd of vitamin C ntigteaom

vtcnr-ibsaffted progres bdiet rlcn-a.LeSuch marked dfrostitey

remains a proble aso fture study.tzznCi testrae dl

'reist thsativelyenutliatonsq t e o f ascorbic acid inf hstite is r

ingste bneftgaor re s~uagreedo that a "pwithovr thsfcor th itsi

occrslm in t~he uris the theal vicorbic aCi in the bltraod iadult

high.
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lpro itel•y 1.0 xgm. per 1W cc. The renal threshold for te

I • ivytamin has been established between 1.0 and L4 man percent;

I of the blood (28,29,30,31,32). It was concluded that the auwn

• 'sera valuese 8 hours after loading with vitamin C.. and there-

hi after, maintained threshold limits. -

Although the high initial urine values of 2.0 to 8.9 n•a. of

ascorbic acid per hour found mong 29 subjects during the basal

period -.euinwt be explained, the following facts deserve con-

siderations

1) Uhen the indiridual initial urine values (applied to

both ,hites and non-m ltes) ware satched against their

respective sera data, no correlation between the re-

spective va1lus vs demonstrated. Amzg .normal persos

Sinconsistencies betwben the eomcentrtion of itazin 0

in blood and that in urine have been rioted (31). HealtJhy

soldiers on relativlsy dalllar nutrients, including

ascorbic acid, have been found to excrete high and low

quantities of the respective factors (33,34).

2) r•om knowledge of th%. 11sturbance of-metabolites following

injury, alterations such as those occurring in the cata-

"I bolic and anabolic phases (35,36) could partly account

for variations in the amounts of vitamin C lost by wV

of the urine.

3) The limitations of the titration method which may con-

tribute to the initial high urine values for ascorbic

sold are:

a) Since the titration method is one of oxidation-

t"00
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reducti.on a certain amount of reducing substances

present in the urine irrespective of the dietary

I ascorbic acid will affect the readings (37). In

the. condition of frostbite the extent' of this

factor in uncIean.

I" b) Only reduced vitamin C is determined by this titra-

. ,tion method. About 90% of the vitamin excreted in

the urine is in the reduced state the remainder being

.- ~j ~dehydrosscorbic acid.

4) The conversian or reduced ascorbic acid to the debydro-

PAT ascorbic acid form occurs not only in vivo but also

during storage of urine samnples. (38,39).

*- •5) An wnmnomn perhaps constant, amount of the oxidized form

"of vitamin• C-may be present inteuinnes of thesecold"

injury patients.

76) he possibility of excessi-e water ingestion, wi.th sub-

Saseuent "washing out" of the water-soluble vitamins, is

an additioial factor to be consider-ed in evaluating the

"I - " urine data. The average hourly recovery of urine among
-the patients was 230 cc.

"7) The inadequate emptying of the patient's bladder should

be considered in evaluating the variations in the urine

-1 I data*

8) Miscellaneous factors which might also affect the

S! elimination of vitamin C in the urine are those ;ertain-

ing to absorption of tho ascorbic acid, acid-bas, balance,

F severity of injury and stresses secondary.to damage (40).

(90
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!L R~ ~m Sor To~ vrTAYmI C coNcu m AIor m7 MM lOD0
FROSIBITE PAT~iTS AND OF MORI(AL SOLDIE3I

Sureys have. been "eported of the ascorbic acid concentrationI of the blood of troops an peacetime maneuvers In Jw Egland, Colorado,
the Arizona desert ad Canadian arctic. "During World War evaluations

also wers made an troops stationed In Dutch Nov Guinea and in Ita2jr. A

survey of the literature revealed that, .ept for a group of 31. sodie

afflict4d with trenchfoot, ascorbic acid had not been neiasred amoug

cold Injury casualtieos (10).

* This studyr evaluated the serum vitamin C content of a lurge popula-

tion of soldiers before entering battle, during a cambat' rest period and,

jI ~RospitSal adMissione: 229 frostbit: patients upon reaching

Normal soldiers: a. 528 soldiers, direct fran the United
States, by ship, within 21. kours
after dobkimktien In Yokohamia, Japan.

1 *

I b. 1,170 soldiers rotated- frcs the Koream
.cJ bat zone to Osaka, Japan. The

bodsampesý wers obtained within 5
hours after the subjects loft Kome.

A* ResUltsi

*1 ' 1. Hospital Patients

Th. he ascorbic acid concentration of the lasting *eor of

1 • h 22e frostbite casualties was obtained on their first day

of admiseion to the Osakca At. Hospital. (Ninety subjects

a on whom loading tests were described in the previous

ue f section were Included in this total.) All patients wore

ff ,d hospitalized previously at the Cold Injury Cent r In

SKorea for 3 to 54 days (moan 13 days)- The mea sorum

, aorbic acid for 228 subjects vas 0.68 (.10.3144) p.

902
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per 100 cc. The mean serum ascorbic acid concentration

for 122 White patients was 0.74 men. per 100 cc. and for

7- 101 Negro casualties 0.61 m~n (Table 14). The difference

between the. means pertaining to White and Negroes was sig-

* nificant, but was not significant between 101 Negro and

I five Puerto Rican soldiers.

/ I TABLE 14
RACIAL CM4PARISOZS OF INITIAL MF-01 SERUM ASOORBIC

ACID LEVELS FOR 228 FROSTBITE CASES

11 fo. of Mean Serum

Cases Ascorbic Acid Standard
S fRace. (F'astLL,) a--/100 i.. Paviti•on t P

White .22 0.74 - 0.362 9.220 <.001
1te~ro 101 0.61 L-1 0.103
White 122 0.74 1 ±0.362-
Puerto'Rican 5 0,74 -0.672
!!3gro 101 0.61 - 0.308 o.431 >,70

cPuerto ican j5 0.74 • 0.672 0_31 X7

The distribution of the serm values for the White and

Negro patients is shown in Table 15, the lowest concen-

tration being 0.08 and the highest 1.79 me. per 100 cc.

According to the nutritional rating utih respect to vitamin

C, relatively poor blood stores of ascorbic acid were ex-

hibited by 20.5" of the White and 32.7. of the Nlegro frost-

, bite patients at the timc of admission to the hospital in

Osaka. Only 37.7% of the White subjects and 28.7% of the

!Uegro casualties would be considered saturated with respect

to vitamin 0 in the blood according to the criterion es-

tablished in the previous section. There-were too few

analyses of sera of Puerto Rican soldiers to penit per-

' . . .-" " ' " "'..,..-,,- . .. ., " ., .. ' i
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* ~TAMIZ15
RAIAL DISTRIB ON OP INITIAL SM AM=XsrBC ACID=

VALUES FMR 23 CAME OF VWOTBM¶

Rating with Range of Serum
Respect to Ascorbic Acid. 1hI.te Wei _

Vitamin C nrgtOO cc. Nnber ! P3reent ,1nwber Percent

Poor 0.08 to 0.39 25 2.5 33 32.7
F air 0.40 to 0.79 51 41.8 39 38.6
Satisfactory 0.80 to 0.9 13 10.7 UA 13.9Eellent, 1.00 to 1.79 33 27*0. 15 1A.8

122 100.0 'I1 100.0

centage evaluations for this grvvp.*

All factors being eIualD including time of inury and

fri absence of cooplications, it has been postulated that

re vitamin C may be utilized by the body in severe stress

than tn mild. One approach to testing this pr•ise in

frostbite was to 6valuate te initial concentration of
, vitamin C of the blood in relation to tfi severity' Of

* ; ~frostbite, The ideal time for such a study wueld have

S" been on the first day after injury rather than on the

S, ayerage of 13 days. Mhe present classification of frost- "

bite to based on tissue changes ranging from erythema

I Ito gangrene. This gives no indication of the total area

involved which is also a factor for evaluation of altera-

titons of metabolites essential for tissue repair. The

serum ascorbic acid levels among 1Uhite and Negro patients'

were comnared according to their maxim= degree of frost-

bite, .'nong Vbite patients (Table 16) the mean serm

Sascorbic acid level was higher in first degree frostbite

904
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" ARISON OF INITIAL MEAN SERUM ASCORBIC ACID LEVELS WITH
RE3PECT TO DEREE OF INJURY FOR 122 WHITE FRO3TBITE PATIENTS

No. of Kean Seruz
"Cases Degree of Ascorbic Acid Standard
_(_Fast Frostbitte ....M,0O cc. De viation t

19 Firot 0.78 i 0.359 O.106 >.90
6& Second 0.79 . 0.367
19 First 0.78 -! 0.359 2.117 <05

S27 Third 0..6 0.3g7 2-117 <005

19 First 0.78 Z 0.359 0.383 >.7O
a Fourth o.7 _0.162,

64 -Second 0.79 0.362.5
27 Third m6 0.317
64 Second 0.79 0.367 0.355 >.80

8 Fourth 0 . 7  0-362
27 Third 0.56 ± 0.327 1.901 >.05
8 -Fovrth 0.74. ±0.362 -

than in third degree. Also, the mean serum vitamin C

lev4l of patients with second degre3 frostbite was uigrif-

icantly higher than those with third degree. The remain-

inS comparisons shown in Table 16 were not significant.

Among the Negro casualties (Table 17) those with first

degree frostbite haZ a mean serum vitamin C concentration

(I)- that was significantly higher than the respective means

for cases with second, third or fourth degree. A com-

parison of the means between second and third, second

and fourth or third and fourth degree cases was not

significant.

In order to obtain a relationship betweat serum ascorbic

levelb, race and degree of severity of the frostbite, cases

of first and second degree frostbite were designated as

"%ild" and those of third and fourth degree as "severe"

1,,



NO o,

ti Frstit M040c nP28. Ttar 0 17 :0..
o(zW~AEIsoN oF INITIAL MEA SCM• ASCO•flIC ACID LEVzS WIT
RPPET O DEGRE OF INJUR! FOR 101 NEGRO FoThIT3 PATXD(TS -

__1 _Iya -__1 A.5

N•o. of Me.n Sei=
SCases Degree of A~scorbic Acid Standard "

- f(Fastin1 Fr-ostbite .+ •,1Qo cc. Deviation t P ::
K 11 Frst 0.84 _± 0.3 2.152 <.05 :

5 0 Second 0.38 __ 0_304 __ _o._, 1 Ffrst o.81. 0.3?73 1.978 <.05

28 Third 0.59 3o
50 Second 0.58 ±0.3041 0.456 :.10
"11 Fort!h 0.61 0.253 3

28 Thir . . 0.59 ..... 0.5o >.6
.11 . Fourth __- -0.253 0

(Tabl, 18). significantly higher Initial meaW ascorbic

acid concentration of the bl-.d wa found amog 144 faild-

frostbite casualties, coprisIng Whites and Negroes, than

in 74 casem classified as Oneveren. In the case of the

White soldiers the difference of the means, 0.79 and 0.62

la"_2. was significant. The respective differences of the

ii means found among Negroes, namely 0.643 m. for nAi-d.

frostbite and 0.58 mga. for *severe", seemed to show theI esame inverse relationship to the severity of injury but

were not statistically significant. In sma~ry, .there

I w•a evidence that on the thirteenth day (average) of

eonvalescence, corresponding to the first-day of hospital-

SI ization in the Aray Hospital in Osaka, Japan, the mean

: eccentration of serum vitamin C tended to be :nverselY

I related to the maximun severity of frostbite.

* .. o . . . % ' . -
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C ARISON OF SMI hII iRIIC ACID LMS FOR
I... 'O(I AND WaEVEIS' EIO3TBITS, ?ATM=NT

No. * Severity Nan Serum,
Case's of Ascorbic Acid Standard

Rlace (Faatinj_ Frostbite rnm-ml-00 cc. D iain t P

Whbite & Negr 114 Mild 0.7 ± 0.126 2.559 <.01
SComabined 7 Severe 0.60 . 0:09-

8i3te & eild 0.79 1 0.361 2.429 <.01
, 35 _ Severe 062 0.,39

61 Mild O.6 3.. 0.326 • >*Nests9 Severe 0.58 .0,278

a. Yeeicular Fluids

In the course of obtaining fasting bloods 33 samples

of vesicular fluid were obtained from intact blisters

under aseptic technique. The age of th3 bulla. (cor-

res•-d4ing to the first day of hospitalisation of the

frostbite patients in Japan) -anged fro 3 to 12 days

(mean 7.5 days) post-frostbite. The ascorbic acid

levels in the fluid of these vesicles were compared

with those of the corresponding fasting blood sere.

The fluid was cultured on withdrawal from the vesicle.

The data of the ascorbic acid levels in bacteria-free

fluid were ccmparid with those of contaminated blisters.

Of the 33 samples of vesicular fluid 27 were cultured

and 17 were reported free of bacteria or fungi. The

data are shown in Table 19. When a product-moment

correlation" was made between the concentration of

ascorbic acid in serum and that in blister fluid the

"r" value proved significant (0.509). This indicated

I.

90?
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* TABIZ 19

IvmCL FUJID CULII3R RWSTS AND ASCORBIC ACID VA7JJF
OF CONCOMTANTLY DRW~IN SAKPI.ES OF &S-UU AND VMI=I EIMI

FOR 30 rAO=TEh1 PATWITS

320.30 0.31 Negative
00 .66 1.06 Negative

310.40 0.21. Neatiue
32 0.26 1.CV. H. Staphylococci
54 0.30 0.1Negative
55 0.53 0.78 Negative$1 0.28033Ngtv
62 0.61 0.73 Negative-

64 0.72 0.76 ff.Staphylocei
6? 0.37 0.50 Negative
70 0.21s 0.29 Negative
7r, 0.35 0.21. Negative
72 0.32 0.49 H. Staphylococci
73 0.23 0.60 N. Stai~qocaccl
AI 0.76 0692 Negative
74 0.76 141 ?lork-I. Stapbylococci
74 0.76 0.94 Non-H. Staptqlococci
91 1.05 0090
94 0.63 0.82
97 0.70 0.74 H. Staphylococci

*99 0.33 0.32 Negative
100 0.65 0.52 H. Staph, Paracolan Bac.

101 o66 021 N-n-14 StaphylOococi,

102 0.32 o.26 Bac. Subtflis-
106 0.97 1.31 Negative
107 0.98 1.10 Negative
109 1.14 0.16 Negative
n78 0.82 0.70
3.481 0.21. 0.74 Negative
1599 1.03 1.29

908
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that the level of ascorbic acid in blister fluid

varied in the ae direction as the vitamin C level

in blood. Onitting the samples shown to have a

positive culture, the coefficient of correlation

between the level of vitamin C in the sera and that

in the bacteria-free blister fluids was again sipiif-

ieant (0.874). However, when the comparison was made

between the sera concentrations of ascorbic acid and

those in blister fluids contaminated by bacteria the

Wr" value was no longer significant (0.306). This

L-Aicated that the presence of bacterial conLamination

may alter the relationship of ascorbic acid in vesicular

afluid with that. in sera.

.b. Cold Herkagglutinin. Titers aid Vitamin C levels p J

In view of the studies by the Cold Injury Team

relating the titers of cold hemaglutinins in sea a to

the morbidity ot frostbite, it was also of interest to

determine whethor the titers of cel-' h-omagglutinina

* varied with the serum ascorbic acid levels.

* A correlation between the initial serum asccrbic acid

concentrations of frostbite patients and cold hemagglu-

tinin titers was mado using the values obtained from

163 identical blood samples. A negative correlation

was found, naely, an "r" value of -0.015, wtLch was

dnot statistically significant fro zero (Table 20).

Review a the data revealed that 609 bWorod samples

drawn from nomal combat soldiers in Osaka, Japan,

909
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TAVE 2

SERUKH ASCORBIC ACID LEVRL WITH CORRESPONDING COLD
HEXAGGIJJWUN TITES FOR 163'FHDSMITS PATZMTS

SertmAs corbic NO.

vrýo cc 1:2j~ 1: 181 ,16 1 1:32 .1:1641 tr28 lt25&1Cae

0.0-0.0911
0.1-0.19 1
0.2-0.29 1 1 3 5 3 1 14
0.3 -0.39 1, 2 4 *6 2 is
0.4 -0.49 2 1 4 2 1 13

a.-.5 4 7 2 1 22
o.6 -o.69 1 4 5 4 2. 1. 17
0.7- 0.79 2 3 5 4 5 1 1. 21.
0.8-0.89 1 5 5 2 1 14 t
0.9-0.99 3. 3- 3 2 2 1 12
1.0-1.09 .1 1 3 4 2 ]a
1.1-1.19 1 1 41 7
1.2 -1.M!) 3 3
1.3 -1.39 j3 .3, 2 6
1.4-1.49 1 2 3

Total 1 W0 36 37 37 30 8 4 1163

waer~ used both for the vitamin C deterninations WOd for

the estimation of the cold he=g~1ut-inin titers. Only

* S3 houra had elapsed since these subjects had left their

lines of ccnbat in Korea,. The "r" valu! -0.0n1) or

the product-m~ent analysis correlating'the concentrations

of serum vitarmin C with-the cold henmagglutinin titers

was not significant (Tabla 21).

2. Norzal

a. Troops frcm the United States en route to C~abtt

At Carp Drake, Japan, between 1 ard 8 February 1952

blood samples were obtained trmc 5218 nonaal 3oldiers.

7- Q~ M~ M.
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These subjects arrived in Yokohama from the gaited

States via ship 24. hours prior to testing. Use mean .-

fasting serum ascorbic acid level for this group Was

0.42 ± 0.247 api. per 100 cc. Tfi. racial distributift

6f these troops was: Whites, 402; Ne~roas, 30; Puerto

Ricans# 78 and miscellaneous, 18 (i-e. 11 Latin merl-

cans,, 6 Orientals and I Indian).

The mean of 04.2 aga. ascorbic acid por 100 cc, of

serum exhibited by 40M White soldierB Was OigniiCantlT

lower than that of o.536 mpi shown by 30 Negro toldiers

(Table 22). There wazs no sienificant difference be-

tveen the mean serum cocientration, of vitamin C found

in Whites and Puerto Ricans, but a aignificant difference

existed between the Puerto Ricans and Negroes, The mean

value among 30 Nezroes, nwnely, 0.56.mgm. of ascorbic

acid per 10rl cc.- of serum, was signlificantly higher than

that of 0.36 opia. sbo-in by 18 soldiers of miscellaneous

lineage (Latin kzericans, Orientals, Indian$ and -

Filipinos).

The results of the determinations for lWhites, Negroes

and Puerto Meians are presented in Figure 6- The

relatively high percentage of trOOPS Iibich shoved low

levels of ancorbic ac*id in the blood, namely, 0.4 amm.

per 100 cc. or less, was particularly'noteworthy. Of

the three races the Puerto Ricans had the highest

proportion of low values in the sera*

912)
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TABLE 22
RACIAL OMPARISOUS OF MEAN SERUM AORBIC ACID

LEVELS FOR ?NORML ?ROP-RPLACRX2TS

No. of Mean Serus
Cases Ascorbic Acid Standard

Race (Fastine) ~MrI100 cc. Deviation t

White 402 0.42 - 0.252 2.24U <.0.
"Ne"ero 30 0.56 + 0.310
White 402 0.42 - 0.252 1.322 >.20
Puorto Rican .7 0.39 ± O..6  

-

1,JLte 402 0.42 z 0 252 1.066 >.30
misc. Lineae is.. 0.36 , +0.233 .....
Neis.o 0 0.1 2.848 <.01

Puerto 0.39 0.167
. lisgro 30 0.56 Z0.310 2.535 <.02

Ms:c. ,Lineze 18 .36, -0.23.3
Puerto Rican 78 0.39 - 0.167 0.517 >.70
•itse. Idneage 18 0.36 - 0233

/ i b. Healthy Soldiers on Rotation from the Combat Lines of Korea

Betwe~en Janiuary and April 1952 Ser'n ascorbic acid

levels were determined for 1,170 sold-.r3 vho had been
0

rotated fron ecmbat in Korea to the Rest and Recreation

Center (called R & R) located in Osaka, Jwpen. These

troops arrived by plane, usually in the late afternoon.

In the majority of instances no food was served during

the trip by air so that six or more hours had elapsed

since breakfast in Korea and prior to their first meal

in the Osaka Center. Within 10 minutes after the meal

a venous blood sample was drawn and imediately pro-

cessed for vitamLn C. The mean for 1,170 soldiers was

0.48 n (1 0.270) per 100 cc. of serwn with a dis-

tribution as shoun in Table 23. The 25 soldiers re-

ferred to as miscellaneous lineac in Table 23 com-

"91*
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TABLE 2

-RACL COMPARISONS OF MEAN SERUJM AS• PRBIC ACID
ISEM• FOR 1170 UNIJURED CO=MAT S0LDIERS

No. of Mean Serum
Cases Ascorbic Acid Standard

Race rFasting) mm!lOO cc. Deviation t

White 1018 0.47 0.269 1.*498 >.20: :" •' Nerro, Ill 1 _,' n_-l".,

"White 1018 0.47 ± 0.269 0.998 >.4O
Puerto Rican 3D 0.-55 1- 0,2__
,White 1018 0.47 _ 0.269 0.516 >.70
Kinc. Lineagew .25...... 0,k 0 ,2___
N( Negro 117 0.51 ±0.274 0.478 >.40

"Puerto Rican 10 0 ,
Negro 117 0.51 + 0.274 1.146 >.70
Miac. Lineage 25 1 2 ..f Puerto Rican 10 0.55 - 0.252 S1.119 >.:30Mi4se. LinIage 21iO........0.1..

ptised 14 Latin Americans, 6 Oriertals, 3 Indians,

1 Filipino and 1 Hawiian.

.. •The results. of the determinations on White and Negro

"subjects are presented in Fi7gure 7. These curves were

similar to those representing data of the 528 replace--

"sent troops from the United States (Figure 6). Figure 7

:- • ( also depicts the variations of the average concentration

of serum vitamin C during the months January through

April 1952. Each dot represents serum values from

* 1 20 to 80 men with an average of 40. It is apparent

that there was little deviation fr=a the mean of 0.48

-mu. from month to month. There were no significant

* 1 t differences between the means of the serum vitamin C

levels with resFect to race in this group of 1,170

soldiers direct from combat activity (Table 23).

915
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Tbe mean concentration of serum Ascorbic acid

for troops arranged in accordance with the ailitazy

" components of the Eighth Army in Korea is shown in

Table 24. With the exception of the 24th Division

I which was represented by ot ly two soldiers (these

values omitted) the units were each represented by

S 95 to 221 soldiers. The mean serum. ascorbic acid

values for the men of the respective divisions ranged

S( from 0.44 to 0.54 mgn. per 100 cc. Fro a nutritional

trating with respect to vitamin C the averages were

'* considered fair and of relatively equal value. When

thb military components of the Eighth Aru7 were ar-

. i ranged in ac'ordance with their positions In battle

1" • i (Table 25) the respective means were essentially

- •constant, namely, 0.44 to 0.50 m•s. of ascorbic acid

Sper 100 cc. Of serum. No differences In rating from

S ,a nutritional viewpoint were again evident. Statis-.

tically, however, the low vitamin C values shown by

the rear troops of the Eighth Arr,, namely, 0.44 mgm.

per 100 cc. of serum, proved si-iificantly lower tkan

that of any of the reainiNg troops (Table 26).

S !It alroady has been shown (Table 23) that there ws

no significant difference between the mean concentration

of 0.47 mgm. ascorbic acid per 100 cc. shown by the

1,018 White combat troops and that of 0.51 mgn. by

the U7 Negro troops. There were no significant

differences in the mean levels of serum vitamin C

... .. .. .. .. .. ... . . . .. . .... ... .. .. . .. ° . . . . . . .. . . .* -* . -... . . . . . . . . .. =

.. . -..... l¶,; ,;, .: . '.. ' SV : ,- .' -: - ',• , '• . .' . ,. .-.-. ' ... ,, ,.,- .'. .. ,,. .. ... .,. ,. . .. .. . .... ,,. .. , .. . . . .*,', .• " ", • , . . -,' ', , , . . - . " .=. .. -, 'o' . ./ .. " - . - , . . _ -.. • .
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TAMSE 24

WEAN S•R ASCORBIC ACID VAUIJf FOR UNINRD
OMMAT PEhWN ASSIGNE TO InWhlfl DIVSOHS

No. Of Mean 3erus
Soldien Ascorbic Ad Standard

Division Tented t7-iAOccD,2nd 161 0.54 -10.324,
3rd 188 0.47 ± 0.26.
7th 53 0.48 0.2,42 -

25th 10 0.47 ±0.263
M 1.1:6 0.53 -0.2 6

45th 9b 0.47 10.291.
Misc. Rear Troops
of EiFth•A•my 22L 0.44 .10.251

TM • 25

IM ESv.L4 ASCORBIC ACID VEUEPonRUPIjNJUR

V GZZ!C~MXT SOLDIER1 TN P$LATIOU 710 ZMMCIR([M= EW MM

, NO. Of H(ean SeramCobat 1oldiers Ascorbic Acid Standard

Hive. Rear
* Troops of

EttFJa:th k.-ry Q-4!0•• .. . flo

T cra1 ±..0 10.287

IU izezntilLro3s5 0.49 ± 0.266
Battalcic

HTroops Q.&9 _0.252

for Negro soldier in accordance with the militar7

unit to v•idch they were'aesignod (Table 27). In

the case of White troops certain sigificant dif-

ferences between the mean concentrations of aerum

H ascorbic acid in accordance with military component

-j 7were found (Table 28). For example, the White

Elm .



TAME 26

COABI50N OF 1(RN =7UM ASCORBIC ACID LEVELS IVR
UNINJURED =DIEFS WITH RESPTCT TO 271MM CMUT EQIM.O

L~an Seinn

Military go. of Ascorbic Acid Standard

misc. Rear
Troops 221. 0.44 ±0.251

Divisional 2.730 <.01
i' ~ 3g~ 0.50 JO2'-

Hise. Rear
Troopi 221 0.44 1.5

I. R~1~et~t2.466 <.02
-om 315..* Oi ±0.266 -

frooPa. 221 0.441 t 0.251
Battalion 2.040 <.02

Divisional
ToOPs 356 0.50 t 0.287

Rnvtrv~ntaJ. 0.474 MO7
Tr-"350.49 1 0.26,6 - -

Divi!!to-aa
Trcol~s 356 0.50 ±0.2e1

1ataio 00429 ± 0272 -

Troops 335 0.49 1 0.266
N Battalion( Tcs183 0.A9 0.252~

soldiers In the 2nd and 40th D~ivisions shoved mean sera

levels of 0.53 and 0.52 qma. p-jr 100 cc., respectively,

iwbdch were significantly higher a~an the average ot 0.45

and 0.41 m~p. shown by White soldiers of the 3rd Division

&-Ad a group labelled lmiscellwieous rear troops*~, re-

f . spqecti~ve~y. Since the eating habits of these individuals

were not ascertained the possible influence of this

*factor on the 'data. cannot be estimated. In spite of

m athematically significant differences In the respective



.1 .1**.- -

TABLE 27

OCt(PAIISON OF MEAN SERM ASCORBIC ACID VAIUES FOR

NE0 SOLDIERS IN ACCORDANCE TO THEIR OM3AT ECHELON

NO. of Mean Serum
&litary Negro Ascorbic Acid Standard

Unit Soldiers mn/lOD cc. Devi tion t P

2nd Div. 5 0.53 -30.48 0.17 >.90
7th Div. 10 ,0.,.5 5 0.222
40th Div. 8 0.53 Z-.290 O0.201 >.90
7th Div. 10 0.55 0.222 - -

3rd Div., j6 0.50 " 0.3 - 0.163 >.90 go
2nd Div. 5 0.52 __ 014__.-

25th Div. 10 0.55 ± 0.310 0.10 >.0
2 d D iv . 5 0 . o 0- -.. ,M

40th Div. 8 0.53 - 0.290
2nd Div. 5 0.5 -0.38.
2rd Div. 3 0.503 0.103

Troon a 3.3 +.~21.6
* .t i v, 8 0.3'± 0.176 >.90""

25th Dlv. 10 0.55 0 o.310 0.-16 -,
25t Div. 36 0.55 ± 0.260

40thi Div. 8 0.53 Z 0.290 0.188 >.goIrd Di•v. 36 0.50 4 0.136,..
3rd Div. 36 ý0.50 ÷ 0,336 •"'

Nise. Rear 0-2-"
Trooos 33 0.50 0. 246 -

meath c tv, ri0.53 oa 0.sc2rb 0 0.176 cd on the
olthdiier. so i .n T•abl2, i .o1o t

25th div. o0 0t55 c 0d290 o
o e i ni. Rear 0.at86 M.at ofTroops 33 0.50 o .246

aothyohe o. i a to via- C-t
Troops, 33 -- 0.50W I .

mean concentratinions of ascorbtc acid, shown by the

soldiers in Table 28, it is emphasized that the

degree of the respective differences was not of such

magnitude that one necessarily could rate the men

any other division with rerard to vitamin C. Until ,.•

;a more accurate def inition of the normal, level of -

". ..... ................... ............. , ., ....-.
,. -. ,.. ..-- .••
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JOWARXSM OF MENJ SERUM ASOORBIC ACID VAU=3 FOR
WHITE SlI iII !S IN ACCORDa M MEI OBAT E iHEID

NO. Of Mean Serum
Military White Ascorbic Acid Standard

unit Soldiers - n~100 cec eito. t p

2rA Div. .19 0.53. .292
R[ise. Rear 3.261 <.001

Troops 1 0.420.
*2nd Div. U9 0.53 022 .19 <5

3rd Div. USL 0.45- * 0.26A .49 <0
Znd Div. 119 0.53 1022 i.a46 )4l0
7th Div. 93 0.60.238-
2nd Div. 119 0.53- Z0.292 162 .10

25th Div. 171. 0-4 *-.6 -.7
2nd Div. 119 0.53 10.292 0.11 >.90

1 10t0 DIV. 12JL - 0.52 ±0.261
2nd Dive 119 0.53 :t0.92 158 >2
45th Div. 9L. 0.g ! 0 .22k..
25th Div. 171 0.47 1 0.264 1.688 >.i0
hv* I* Di v. ~ 7 - 0.52!0.6
140th ojT. 127 0.52 1 0.261 -

isc. Rear e3.424 <.001

___ •..0.'

S•dh Div. 127 0.52L • 0.2<J2-

31lt Div. 138 0.45 i024 2.191 <.05

1,,0't, Dov. 18 0.•2 ± 0.2A1"

7th Div. 93 0.46 = 0.238 1.9 8 >.10
I ! Div. 1?8 ± 0.261

4 "'.74 Div. 93 0.47 .- 0.224 1. 81 >.2D
M10th Div. J'j 0.52 ± 0.261

45th Div. 93 0.47 0.T2214
' 2,�-Iliac. Rear0.2 0.292 1.661 >.10

2 'h i0 -.250
3rd Div. 138 0.45 ± 0.26W 0.51 >.60
5t.h D04. 2 .0.2
7th Div. 93 .4 25 >.W

451h Div. 973 0.• -- 7so .22,f>
S3rx- Div. 138 0.45 ±+0.264 -

Y Misc. Rear 1 .0 0
Tr.ons 17 04.2 6 0.250 105_3
7 7th Div. 93 0.46 1 0.238

Disc. Rear 1.238 >.30
?rp16h 7 0.42 • 0.25(

25th Div. 171 0.47 10.264
Hise. Rear 1.802 >.10

Trcan3 187L 0.... O-2 4.02

7th Div. 93 0._.6 ± 0.238 0.239 >.90

3rd Div. _138 0 A.45 * 0:264. ____

, 25th Div. 171 0.47 0 0.264 0.627 >.60
"rd Div. + O0.264.
7th Div. 93 0.46 ± 0.238

25th Div. '171 O ÷ 0.26017 -1

S, . _ 921. .. . . .. . ..4 . . .. . . ..' .* . . 4 .4 . o . . . . . . .. .. "..

"* -:',4- .".-. - .' ' • -.- ..'' 4" • .. . .



vitsian C in the blood is established, It ims
concluded that the 1,170 cmbat sldiers were all

of the same nutritional status with respect to

vitamin C. From a nutritional rating standpoint the

mean blood levels were considered borderline between

poor and fair.

Ihe wum serum ascorbic acid levels for 10 replace-

ment troops and 1,135 ecdbat soldiers are ohm in

Table 29. the percent distribution for poor, fair,

satisfactory and excellent ratings with respect to

vitamin C among combat soldiers agreed closely 'With

* ths respective. amounts noted aong the repiacement

troop, khog combat soldiers the serum levels of

ascorbic acid, namely, 0.07 to 0.39 mo. per 100 cc.

were found in 51.6% of the MOites and 0.2% of the

Negroes (Table 29). Bsad oc the minimu' value of

0.84 m•z. per. 100 cc. of serum (discussed in the

of the Ikhite3 and 15.4%,0 of the Negroes were saturated

"with respect to vitamin Cinthe seru.

Among the replacement troops 59.9% of the Whites,
40.0% of the Negroes and 66.7% of the Puerto Ricans

showed serum ascorbic acid levels of 0.39 m~m. or

less per 100 cc. Only 10.2% of the Whites, 20.0%

of the Negroes and 3.8% of the Puerto Ricans were

considered saturated with respect to vitamin C in

the seru. From a nutritional viewpoint with regard

, !',I:
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to ascorbic acid, over W80% of the 328-re-

placement troops and over 87% of the 1,035 combat

* soldiers showed poor to fair blood leviels. Despite

*these low levels of ascorb3.c acid the soldiers; appear-

ad in excellent hea'th.

The mean levels of serum ascorbic acid for soldiers

en route to battle, during a caabat rest period and

af~.er incurring frostbite were 042, 0.48 and 0.68 mqp.

per 100 cc., respectively (Table 30).

The mean serum ascorbic acid econtent for healthy*

White troops was significantly higher during cem-

bat than the levels manifested by soldiers arriving

in. the Far East. Neither the increwas in the -mean

serum ascorbic acid az~ong healthy Puerto Ricans nor

the decrease among healthy Negroes was statistically

signifitrant (Table 31).

TAELE 30

orMTPASONf OF- MEAN SVJUJ4 AS.W)R3IC ACID VALUES AM~ONG
RV7IACE.-,NT TROOPS, CC: aT SODMA. MT ECA~SES

No. of Ascorbic Acid -StandardI
Subject Situation r-ýn9100 CC. Devistion t P

23 Frostbite Patients 0.68 ± .L.10-232 <.001
528 RrnT..IO22L 0.142 0.24-7

22 -Fotbit PF&tVcnt 0.68 0-344 8.217 '<.001
1-170 Cc_,*.h)t SnIdiers- 0.48 - .20. 0

528 ReplaCe:;tat Troops 0.42 -024~7 4-501 1<0
_170 Caaba1t Soldliers 0.48 0.71 L .

COAl
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TAMZ 31

* ~~~RACIAL PARLSON3 OF )MMA SMUJ AB(DREIC ACID VAIXJS AMNGP
BRLACD=I TROJOPS, CORAT bOLDIERS AND F3DSTBITE PATIENTS

Meani Serw
No. of Ascorbic Acid Standard

Group D c Cases mz~l0cc. Deviation t ?

Replacement
Tr~oos Whie~r 4Q 0.& 0.10.25

;iir = t~ r -1!a 0j0. 9

_______nt__ __.____ ! 0.2r,2

during World War 042 9o1ld Wa<.1rop0usitd 0n1ak~
ra-tion prfiorto ho 0tlzain. lho7 tdesrltv

Com925



-to cold injuries, per a@, were not made. Duigthe

* Italian Campaign, in the winter of 1944, Carney (10) re-

ported studies on 100 random hospital admissions (32 medical

4 and 68 wounded, half of the latter having had trenchfoot).

The plasma concentration of vitamin C for 70% of the patients

ranged from 0.2 to 0.5 -mgm. ?he individual values of vita-

min C ranged from 0.10 to 2.35 mgn. per 100 cc. oftv plasa.

*A larger survey of hospitalized soldiers (disease and in-

juries not listed) was made by Golden and Schechter In Dutch

New Guinea (9). They reported that on standard wisupplemented

diets 59% of 171 patients mhovned an average of less than 0.30

age. of ascorbic acid per 100 cc. of plasqa, ubiile 42 sub-

Jects whose diet was supplemented daily wit~h 37 x,7s. of.

vitamin C yielded a mea.n of 0.57 mcm. ascorbic acid per 100 cc.

plasma. Th tss low v Xues co'd~d not be explained. The hospital

foW wa rated equal to, and perh,%ps better than, that issued

in the company mesies. *Variabilit7 in the standards of mess

* cwgt:-=ent and in the d13criminatoz-/ tastes of the soldiers

with reference ',o ;.e. fruit juices and synthetic lemon powd1er,

major sou.-ce oft vtt.-in C, were considered. The possibility

of higher demands for vitanin C in tha stresses of the tropics,

and particularly following ons3et of illness, was not c-3nsidered.

The ralatively low blood values for ascorbic ac'd of hospital-

ized soldiers agree essentially with those reported among

hospitalized civilians in the United States, in spite of the

fact that deficiencies in the latter reflect their economic

status and rood customs in addition to their ills (Table 32).

926 .-

* -------------



.//

MLOO ASCORBIC AMID VALUES FOR W0PITALIZ CIIIAN

Subjects vith a Kean
Serm or Pama
Ascorbic Acid Level
of 0.5 m4p. or less

Adults CaAs cation Sourc

1"Astro- Boston, 85% at 0.4 mp.
.. .2 IntestInM. P-seachun tts or lees 48

+-. + ,-, m v, toid Sa Fra+,:ncisoco, 73% at 0 *3 mm o
•' •: SS5 kA,-'.rJ~tia" c~ltfom..a or Jem-s 149

Chicago, 38% at 0.4 rm~,
.J+ Yn.d•ca Il.li n.ois. or lems

Boston, 66% at 0.5 nam.
i88 3..rical knsr-scchusetts or levi

33n Ftenczisco, 44.% at, 0.3 MP.
. " '70 -- .- ni, or le1s2

Bronehial new Orleans, 65% at 0.4 mgm.
.+ L'•,i:a Lo'•LU-3ThW or le~s 5

New York, 42% at 0.4 rgm.
157 P-Ichi.tric T'e,.f TJor or less 14

New Found- 50% at 0.3 mgm.
'4..ZL F.!edil j.i or less

Birmdng1bn-m 61% at U.4 ups.
350 YIeic~.1 Ala~b.a or less 55

Coronary 90% at 0.25 m•p.
21 Ocelusion Canada I or lees X

Elgin, 50% at 0.4 up.
) Psychiatric Illinois or les. 56

Nim bers refer to citations in Bibliography

! . . - . .. ..........
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.1.

T eoe data were frccM Patients U8117 older than those ._t

the zilitarf and of both sexes.

A lthough individual values of anorbic acid in blood varzS! "widely, Mean Values of a populatis Or eone Box vxder com-

larable conditions and in eq•uiibrita with their diets have
* I significance (41M,43). L4v lues, inparticur',

M -rder such conditions merit corecive measres, One C ma

* I 1 attempt an explanation for the changes in the serum vitamin

, - ', ! " ' C levels of soldiers from the time they left ship in Japank
until idtimtelY hospitalized as war casualties. In ©oon,9an troops were subjected several week or months to simila

1 foods in ar4M messes in the United States before leavi-Z foer

Sorea. The interpretations remain conjectural since the

BSe soldiers. were not followed from the time of debarkation
4 in Japan ,mtil participation in battle, or from the time of
2 *, battle until their hospitalization with frostbite.

""iI The finding of a relatively low mean level df sernu vitamin

C for 528 normal soldiers upon debarkation was dif.cult to

explain. It was assumed the food an shipboard was adequate.

Thcre were no records of the type of foods servied or the eat-
* !r& habits of these men. The nutrititi with respect to

vita=mn C before embarkation was asswned to have been equalized

"*. . during the weeks or months which the average soldier subsisted

on food in army messes. One could not estimate whether possible
6 0 effects pertaining to the ocean voyae itself (e.g. seasick-

ness, vomiting, psychological stresses concomitant with the
landing on foreign soil, et:.) might have contributed to the

//
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gindings with respect to serm ascorbic acid.

i. .t was concluded that the recent shipboard diets main-

tained levels of serma ascorbic acid in these replacement

troops which could be rated only slightly better than poor.

The question is raised, therefore, whether such low levels

with respect to vitamin C in the blood are within the ftargin

of safety* for pre-ccmbat soldiers.
3• The mean sertu ascorbic acid level for the frostbite con-

( valescent in the Osaka Army Hospital was higher than the

average value exhit-i.ed by soldiers en route to, or after

participation In, battle. In the case of the White and

Negro soldiers, but not in the case of the Puerto Ricans,

the difference between the serum vitamin C values for hospi-

talized casualties and active combat soldiers was statisti-

cally significant. The nutritional rating with respect to

ovitamin C also Was improved appreciably, although the blood

I.• levels of the. hospitalized subjects were still below the.

/ • amount which chaiacterite saturation of the blood. According

( to values cited by the National Research Council (44, 45)

the muan values obse.-ved on the thirteenth day of con-

valescence for the Negro, Puerto Rican and White frostbite

patients, namely, 0.61, 0.74 and 0.114 m•. per 100 cc. of

serum, were "low norral". The availability of warm palatable

foods rich in vitamin C during evacuation largely accounted
*I

for the differences between the results for normal soldiers

"- , and frostbite casualties. The fact that the mean serum

". ascorbic acid level shown by the hospita.4.zed W'hite patients

. . . * *
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we asigniicantly higher than that daom by Negro frost-.

bite patients was not explainable. ivery condition, in-

eluding diet, was essentially equalized. Although possible

racial differences in the acceptance of certain foods were

offered as a partial explanation, this was not the case ipi

a survey of the food habits of 51 men 24 hours prior to

frostbite. In the first portion of this raport, the tesults

of the survey of food acceptance by 26 Negro and 25 White

soldiers (v4ho had occasion to eat at least one meal of (
acn~bat ration) dembontrated no significant difference in

' their respective acceptance of coffee powder, Jam and

cocoa powder. This lack of discrLmination-in taste for these

items under combat conditions ray not be the rule for Negroes

4 "and Whites with respect to their acceptance of other vitamin

C-rich foods, particularly when confined in a hospital.

Factors other than food preference are also wort•y of con-

sideration in attempt ing to explain the difference in the

mean levels of ascorbic acid in the blood, for exa=ple:

¶ 1) Differences in vitamin C intake Just prior to

these tests.

* 2) Possiule inherent physiological differences be-

tween the White and Negro races.

1 i 3) Individual physiological differences, e.g. acid-

base balAnce, absorptive capacity for the vitamin

t }and the like.

Si4) The limitations of the titration method for deter-

o - mining ascorbic acid in metaphosphoric acid

t '



filtrates from serum.=

.)Difference in the ascorbic acid levelý of the

blood in accordance with severity of illness have

been cited earl'-r in this report. Decreases and

increasts in the Plasma vitamin C levels have beew

$ ~noted fpflowing fractures and burns In accordance

with duration of the catabolic or anabolic phase

It of, Injury (146,147). It remains to be proved whether

such changes are manlifested in damiage -du~e to frost-

bits.

.6) it Is conjectured Utha the vitamitn C concenatrations

of the~ blood might have been olitered In accordance

with stress*

lUndcor prainnt Arny Regulation- (AR 40-250) the daily stipulatmd

requirement f~or vitamin C is 50 mgm. It was estimated that one

day's rood, eaten In full, as obtained Cram the mess or from

pckaged rations I.e. one Indiuvidual Combat Riation, one fifth

* ~of the Smalt Detacbmtezt 5-in-i Ration, three Individual Assault

Ration.'i (IA-2) or three Frigid Trail Rationsa (TF-2) would supply

approximately 100 m.3. or ascorbic acid par day per inan. It

$ . is to be recaLled that the Osaka Army Hospital diet. was cal-

culatedj to provide nearly 184 m,7a. of vitamin C daily cimitting

po33ible losses of the factor resultine fr-om waste and the

processing of food.

Notwithstanding that the reryuirer-ent of vitamin CC, as stipa-

lated by regLnationa was met, the ascorbic acid intake by the

soldier was of siich low order that his serumi was f ound to be

4 .a.-..*. 0, .*0.,4;'
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far from saturated with respect to vitapdn C. TO account

for this in part, discriminatory taste with respect to

vitamin C containing foods and losses of the factor either

through waste or as a result of processing the food wer.

considered.

The results of the 1951-52 vi~tamin C survey an i,698 men

in Japan, ccmprising "healthy" cambat and pro-caba. soldiers,

indicated that 50% of the individuals eahibited levels of the
I i6rder of 0. 5 mg. vi ta i C per 110 cc. o f s,.,=. Beca use, O f":J

~ .potential wounds, infections and vwa stresses to which a .

soldier is eXP0osed, a serum level of approxirately 0.80 am.

"ascorbic acid per 100 cc. is suggested an a good 'Oargin of

Ssafety". A level of the order of 0.40 mgm. per 100 cc. is

used by xan invcstigators in datining a ftatisfactoryw•

blood level of vitamin C for the normal adult. The actual

value, 0.84 mwg. was found to mark the beginnig of saturaLion

of serum.of convalescing frostbite patients. 3ince it is not

known wthether the supplying of additional vitanin C for an in-"

definite period to maintain blood concentrations of the factor
at jaturation levels is physiologically sound, the administra-

tion of vitamin C smller than the daily 250 n•. supplement -.

(provided in this study) might ensure blood levels which might

be considered more nearly "satisfac tory•.

Aast a'ng a linear relationship between intake.jncrements

* and serum level elevations of vitamin C,. to increase the levels

in healthy soldiers fron an average of 0.5 mgnm. to 0.84 m4;•.

"approximately a 70% increase in the vitamin C intake over that

~~~~~~~ . .. . . . . . . . . . . .. . . . . . . .. . .. .• . . . . .. . . .+ . . . -. . . . .+ , . . . . .° . . . .- . . .• . . . .- - . .- . . ... .• .• .- .- ,. . , ' .. . . . . . .. : • . . •
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which prevailed during this survey would be necessary

(provided that factors of food acceptance and vitamin C

losses remain identical). An increased ration supplement

of ascorbic acid might not lead to maximm benefit unless

the factor were incorporated in foods which were relished by

the soldier or were given in a prefonmed state under strict

supervision. It is also. emphasized that if vitamin C is

incorporated in ration items the amount should be gencrou-

enough to allov for losses which result from the time the food

Is processed until actually Ingested. Mms the suggested 70%

increase may well be modified in one direction or the other

depending or. the acceptability of the food or the stability

/-. + +of the fac'or after incorporation 1v the food.

Ironically, the 1951-52 dietary Megie foa soldiers failed -

to improve appreciabl.y Lheir ,laues of serun vitamin C when

compared to those. reported among civilians. The fact that

nearly every third soldier ar.ong [,698 showed -anges of 0.018

"+ If to 0.29 mgm. ascorbic acid per' 100 cc. of serun was considered

highly significant. From the viewpoint of potential wounds,

h-•uorrhaue, physiological and p57chological stre3ses (exposure,

maissed meils, dehydration, fear, eztaustlon) problems much less
L

constant among civilian populuations, "he soldier was not adequate-

ly protected with respect to vitamin C.

V. SM1•kR.Y AND C0•NCLUSIO•S"

Studies b7 meanj of interviews and ascorbic acid deter--inations

of blood and urine of 228 frostbite cas"--altie3 and 1,693 normal combat

soldiers indicated the following:

g.,~
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1) Soldiers wh~o subsisted soele~y on com~bat. rations Ingested

approximatel~y one half to one third of the calories normally

required for satisfactory nu~trition and performance In theI. cold.
2) The discarding of the coffee and cocoa poviers In the packaged

I combat ration, hicdh contained the majority of the daily supply

of ascorbic acid, necessarily reduced the vitamin C intake to

a low level.

3) ?he hospital diet (Osaka Army Hospital) maintained or slightly

improved tho initial vitamin C concentration of the blood of.1~. frostbite casualties.
I.) There was an inverse relationship in frostbite cases between

the initial concentration of serus ascorbic acid and the number

I. ~of dayii of auppl~enatation of vitamin C (.150 migm.) required

* to saturate the serui with asicorbic acid. The utilization of

* . ascorbic acid by the frostbite casualty vue high.

5) he v*.t&,dmn C concentration of sterile vesicular fluid was

directly related to the anountB found Lu the sorum.

6) There was no correlation between the levels of vitamin C and

Cold h4=agglutinin titers in identical ser'a of normal soldiers

- - .or in sera of frostbite patients.

~ i7) low son=s ascorbic acid ccrcentrations were more frequent among

patients with severs frostbite (third and fourth degree). More

proof is needed, how.ever, that the utiflsation of vitamin C

depends upon the severity of the injury.

8) The diets of soldiers reirilted in values of serum ascorbic acid

conparable to those reported in the literature for normal adult

IL



7 male civilians.

9) Using a titration method for the determination of vitamlin C,

50% of 1,698 healthy United States soldiers stationed in the

-'Par Ekst exhibited serm ascorbic acid levels which averaged

0.5 mgm. per 100 cc. This value was considered to be lowa

. compared to norwally accepted standards.

VI. REOMMMEUATIONS

-- 1. To provide a histv-er "margin ot safety" with respect. to vitanin

C, it Is estimated that the soldiers diet should be supplemented with

*at least 70% more 'ritanin C than the amount~i provided in 1951-52.

a.. ltudles should be made to aacortain whether such an ick-

crease coild be modified in accordan~ce %ith imzprovements

pertaining to:

1) Degree of - stabilz~iti of vit--i C food (a--

provided at present).

2) Acceptability by soldievi of vita-min C can-

taining foods.

3) lteductiodi of kitchen and plate waste,.

h. .b It in *itrorpgV reccv~ended thAt, ascorbic acid be given is'

a prefcirmed state under strict supne.vision. The da-ily

oral administration of 200 zgz of vitamin~ C to afl

soldiers wouald ensure satizfactory blood. concentrations.

2. Conv~lescent frostbite patients tealid receive 200 nme. of

ascorbic acid daily in addition to the st~andard hospital diet in order

* ~to ensure satisfactory blood levels of vit~amin C.

* --. 3. Knowledge of the effect of stress,, in general, on the levels

-- r~



of vitamin C i blood, urine and tissues of man is very meager. A

study of the ascorbic acid alterations, as part of an index to adrenal

*cortical activity, under the stress of- military activities might con-

tribute to a better understanding of this problem*

* 4. The human requirements for vitamin C in a cold envi~ronment

Is still. unknotn. Studies of the vitamin C requiramant by the soldier

In a cold enviro: ent were recomended, follovirg the completion of

Rzerciee Shiv~er, by the staff of the Army Medical Nutrition Laboratory

and are again worthy of reco~endation. The following points are to

be nuhasized: -

1) For better evaluation of the vitamin C requiretent by

the soldier ascorbic acid not only in blood, urine and

excreta but also in tissues m~ust beimeasured. Levels of

vitenin C in the 1.iuocyte-plAtelet fraction and the

ascorbic acid-dehydroaseerbic acid partitions are worthy

of consideration.

2) Since, under wartime cmditions, adequate nut-ition

(specifically 'with reference b.o the intake of water

and calories) Is often temporaril.7 s~crificed in order

to accomplish a mission, eraluation of the vitamin 0

requirements by the acidimr chiould be nzad with reference

to the quality and q!uwmtity of food pravailing under

comrbat conditions.

3) Merely 03tiMsiting the vitam~in C content of foods, as

received in the raw unprocessed state, is not accurate

enough in evaluating the amount of vitamin C ingested.

Because of the ease with which the factor is destroyed,

-S.v
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a more accurate estimate of the vitamin C content of

foods is that obtained frou chemical analysis of foods

sampled at the same time the foods are ingested by the

&oldiere
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COLD HFMAC(GLIJTDATIO1I STtD
! KOREA, 1951-52

; Part X: Technique of the Cold Hem,.•gluti-,in Test

The term *cold hemagglutinationu applies to a non-sveclfic

agglutination of erythrocytes in cold as a result of a reaction be-

tWe=n antigen in the stroma of erythrocytes and heivL~utinin in

#.he hmcologous serus,: or in the sera of others of the same or dMf-

,errt, ipecies. Th, accepted criteria (1) which characterize this

reaction eras L) a predilection for xaxlw, a&Vutination in the

ter,-,•-rtnr* zan,, Jttit above freeAing (0* to 5" C.); 2) a complete

lack ot specificity ouch that the antibodies are anto-evglutinating"

.so-a1nt-%v.t.InP, and heter-ay-'u'4iating and 3) a radual but.

cwplete r"ver.ibillity of the reaction as the teriperaturo in raised

or lowered thW-ouh a critical temperature son*.

The ar.lutlnin is sepnrable by abserption, is independent of

the vDrIous knmi opecifit hc e ltininsg has •b.un identified chmi.- - K

cally as a euSlobutLn (2) .-.d has the electrophoretie mobility of A"

Cold ýc,.-2lutint tion ••ti first describod in an.Lals by Land..

steiner in 1901 but vie reported also in h,=a.ns tVo same year by

Biffi (1). It since has been the subject of imntnerrble reports.

Certain ccnfusloai in terminology exists because sae typ0e-

specific agglutinins also have predilection for reaction in cold

tLperatures and as such could be classed as "cold aglutinating".

The"e specific aalutinins chould not be included under the term

............................... . . . . o
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"Cold hemagglutinin" because the 3Ltter term automatically impliesi

lack of specificity.

The usual thermal zone of reactivity of cold bemagglutinini

*., P

3s between 0* and 20° C. (1). Some uncommon agglutininS Uitach fit

the definition of cold hemagglutinine In every other respect, do not

require cold temperature for the reaction to occur. The term auto-

$ gglutinin is sometimes used to indicate this non-specific h"-.gglut-

I nini which has a therm~l range of activity extending over 20* C. Since

the torm aute -agglutinin is used also in referring to one of the-

,gent.ral caranteristics uf cold h-vmagglutinins, the meanings of tems -

* . agAin bec'wros confused.

"T.rminolo~y cceparable to that defined by St.ati and Wasserman

(1) wvti be used in this report. Cold hem_- lluttnattai will refer

t tha., reaction fitting the criteria 3et forth in tt* oip-nins par-

.... ... graph or this report, and the qualification "high thereat amplitude'

i]l. bUY %pplied when reoferring to thoeo oxceptional in. n which

tempeirture below 20" C. is not essential.

The Incidence of positive cold a,•4uttnation testi In healthy

individuils prpcentý;J in various repcrti in Iiterattrs differ widely

(1). pot,.bly sc-e of the confuniur on the 3ubject arioas because

th4 ba.ic c.use and r-iYslological role of cold herflu.tninins ire un-

kOcwn. A vant majority of Inventl";ators have -)ttt,.-1Pted to identify

cold -'3Ltlnini with socme pathologic proceas and minir.'--i consideration

has been given to their occurrence as a normal phenoeercn.

"Th. technique of the tec. nmay have been the principal cause for

disparity in result3 reported in various Investigations of cold hem;g-

S~ ~ ~ ~ ~ ~ ~ ~ ~ ~~~~. . ... .. . . . . . . .. . . . .......... .. .. ....... " ' " - " ---. ---.... -. . '-. --. ; , ,- . ,..' .. , .'. .,. '.-: ; :-. '
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glutination. The problem of standardizing a technique has occasional-

ly been a source of concern among workers studying cold he*& Wlutir-

ation (12). This concern is aptly mwzarized in the following quotation

by vonoen (4): 3 ... Various investigators differ markedly not only

in their technique of ive stigation but also in the reason for their

appralaal of the results. &iae consider it Important that the esru,'

be separated from the heated blood sample while others assign no

significane, to the temperature'at which serum in separated. Socs e)

Investigators ephaeizo that the servo should be tested in the fresh

state whIle others are testing samples of serum Lhat, are several

zorths oli. The erythrocyte conceutration in tho fim-A dilution

vzilcs betaeen 0.25% and 5%, and m&cre investigators u.!.; fresh erythro-

eytes, whilAe oths)rs use erythrocyt rs that are'enc wete old. The

* i~ncL'_A;,Iot poricd =,v vary tbeta ann tcwo Pdntites and 24~ h"".r. ?uarther-

mor6, s.rv Investir.tors reol their r•oults 'dth the nked eyes, while

* others -use a loupl, and othnrs a vicroscope. Swt. wathors r9ekon the

d#ore ' of dilution of serum to be that which was asvvtalr.e4 before

tb,- additici of the erythrocyte suspension, while others take the

degree of dilution to ba the one which the seawn has after the ad-

dition of the erythrocytes. Considering these points., w realize

how uncritical it would be indlscrL-Anatsly to cowpar* the results

rejr~rt'd by different investigators.'

Daring ilie proce:,s of det~er-niniftg 11,000 cold henifc-latiinitf

titers in the preDent investigation certain erratic featurer of th-

test were enccuntered and modified. In order tc attempt rational

interpretation of the results with respect to frostbite a rather
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extensive evaluation of the test itself was inevitable.

The purposoe of this part of the report are: .

1) To show which technical procedures were responsible for

grossly erroneous results and what modifications mere

introduced.

2) To justify exclusion of portionmi of the data shown to be

unreliable.

, 3) To indicate the limitation of accuracy of those data obtained

by the modified method.-

H THDS

A.. Subjects

Ali cold hlarglutination tests were done at the Cold Injury

/ Center of Osaka Ar;V Hospital, Osaka, Jap.n between 24/ Novem-

ber 1951 and 17 April 1952.

Mood s=>vples were ottained frm- United States soldiers who

incurred frostU•.s in Korea and from a control gronp of cia-

* b~at eolid'ura, c.zp=w'ing with the frostbite groi7p as nearly as

possible frcr the stanipoint of echelon of ccmbat activity in

Korea. Since frostbite is an injury priv.%rily of front-line

battalion troops, the original plan was to accept only similar

corabat .nfantrz-yn for tho. conrtrol group. Subscquontly it

becamm n.cessary, however, to include rear ochelon troops as

well an th',:,s fron forward areas. As a check on the titer

resul.ts fr-,m soldiers stationed in Korea, titers were also

performed on the sera of replac.-.nent troops arriving in Japan

from the United States and Vwaii.

• ~~~. . .. . . .o-.... 0,•.-.-. . .o.o.•. "...... o" , . " oo" ........ ,"•.'. o
•.. 0 o •~~... .. .... •..o. . .......... -%• °.. %O .%%o .o .%- •%, .oo .-..-. •.'..'/.. . . . . . . . .. . . . . . . . . . . . .'.' . . ..'...'.',-'.'.. " " ,.-,.. = ',,.'.. "-",-,.',',.'.-,.,. .,.,. .. ,. . •c



It will be noted. (Table 1) that the control samples were.

obtained from three different populations:

1. United States soldiers stationed in Korea. The samples

were obtained in Korea and afr transported to Osaka for

testing. This group wil be referred to as Korea Con-

trol•s.

2. United States ooldlirs arriving at the Rest and Recuper-

ation Center in Oreaka, Japan frw Korea for % brief

leave from combat duty. Thts group -ilt be referred to

as the R and R Controls.

3. Replacement soldier:i arriving at Camp Drake from the

United Stateoor iRawdti, This group will be referred

to an the Camp Ormko Controls,

of! All nra from frostbiti patient.s (Table 1) were obtained

after they were a,•.Itted to Osaka ArM .ospital with the

exception of 120 sere collectedt 0. the 25th Evacuation Hos-

pital, Taigu, Korea ar& flown t, -Japan. A single sample was

obtained frM oeM h ruitrol Pil)Ject wheraas thn majority of

frostbite patio•nt.4 v"e retested ona to eight times. Certain

items deal.ing wlth diffrrcn. pbaseC or technique of the test

are included in Table 1. References will *e made to these

factors in the discussions which follow.

B. Procedures

The initial method of determining cold hemagglutinin titers

was similar to that s-aarized by Weiner (5)D with the ad-

dition of a prreir-,tive test comparable to that described by

-. -V S .o
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Young (6) in order to eliminate negative sera before cmiplets

titrations were cezried out. A major modification in technique -

was Introduced by reading the titers inside a walk-in refrig- -

orator at a temperature of O C. instead of in a warm row.

The original technique invollnrg a presumptive test "nd read-

ing done in a warn roon (approainately 25" C.) will be referred

to as Hethod A. The modified tecdnique in which the screening ,

test w.% eliminated and reading woern done in a walk-in re- (

frigerator will be referred to as Method B.

The follarng outlines present tie details of each method. •

~~~1 M ethod it' '•"

ar. IflAr4ing of 83kA Samples

Blood e-aples (5 .10 cc.) drawn by venepuncture

were allowed to dlot in clean test tubes (13 x 100 m.).•

Saples were proc.ssed A3 .oen after they were drawn
as possible. If d aIV wi• •.avotdable, 5eaples were.

stored temporarily In thow refrigerator at 0* to

4* C., ex-!ept fur t.h. spe,.-:.-ns cent from Korea..

Storage te.n;•.raturpi.q :t' tho latter, while enroute, :....,.

were adzittedly varied.

b. separatlion of Sera

IThu v.ole blood !tanplei were incubatcd in a 37e C.

water b-Ath for one houir, c ntrifLiý;.ized for 30

minutes and the nPI- decaruted.

e. Preparation of Fry-throcyte (Antigen) Suspensic" '

Two cc. of Group 0 whole blood were added directly

to 13 cc. physio'kogtcrL saline solution in a 100 cc.

S: ''- "- "-- :'- " -"" "-" ""'-" "-............ -. '.............. " "".........•............•.•...........•.:................•.. . ..... .: .?.:'
S.""/ .'.'- .- . i ."-" "-"-" .". . . ¢-'.... .: " ." ." *...". " •j'''"';'';2''-,-'.'-,-'c -" -.,-" .5 :' '.,' ". . ."-"-"." ,
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centrifup. tub2 before clotting could occur. The

erythrocytes were washed three times in physiologi-

cal saline solution and then diluted with p -y.i-

ological saline to a 1% suspension by accurate

measurement. Tho same donor was umually used.

Suspensions were used for 2 days and then discarded.

d. Prasumptlve or Screening Test,

* To 0.5 cc- of each serum sanple in clean dry test.

tubes was added 0.5 cc., 1% Group 0, arythroeyto

.uspension. Those mixture,- were refrigerated and

readings carried out A3 indicated below. Negattve

readings iere recorded aq negative and on1y post.'vo

se", w-ire tMtrtted further.

• Titration of Positive Sera

Serial dilutions of sera wert prepared with physt.o-.

logi.cal saline solutlon using a doubling aerological

tranefer method. Th, serirz dilutions before th"

addition of antigen were as follows:

Tube 'Izmb-r " 2 4 7 8

Dilutions of
S',ra before 1:1. 1.:2 .1/4 ).:8 1:16 1:32 U:64. 1:128 1:256

Anticn Added

To each tube w"a- ad.Ird 0.5 cc. of 1% erythrocyte

susponsion so that the flnal serma dilutions were

as follows:

{ '



labseNmber 1 2 3 , 5 6 7 8

Dilutions of
Sera after 1:2 141 1:8 1:16 lt33 1:64 1W28 1:256 1:512
Antigen Added

f. Refrigeratibn

The racks contsining tiLration mixtures were placed

In a six cubic foot uprigf.t refrigerator and allowed

to recwln at00to 40C. ýor 16 to 20hours.

7hre's refrip~ratorj) with a six cubic foot volume

wore utcr foi thn Method A tests. EAch rerigei~rator

could Wol 140 Was!3rr.nn racks. A =-xjn'z or 400

pres~rptivn tests or 190 to 160 ecr~plate titraticone

cou.14 bft mnoredt at. one Uwm. in eatch refrigerat~or.

g. riter Readings

Ph*, re~ding of thp titrLtionG WAS Carried out in

th-w irt=sdat-l proxinity of the refrig,'rAtors. On*

rack at a tlm-s -vas r,. .jved from the rafrimrator,

placed In a I.ith of ire %AtLr (%h.ich zurrounded the

t&O!,r trj -t~hid oz- onei-hMlf of the tubon) and the

a,~~x~n~tIC~ ~ ~ c~ct iri'odintely. The roa'm

tfr-ýo t lra was ,pp~roxtin.tily 25 V.. Ench tube was

wip-A i th a ttr'!3. 'ml iftcr two lik;ht inverting

.aZit'atflon exv1znd thi-auph a imag-ifyinj, Sla3s (nag-

nifier 40 rnu., 3.5 len~s) using A moderate li&.t

source- (wr.all. microscopn lam~p).

9i2
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Each tube was road as either 4#, 3+, 2+% or 1. ac-

cording to the following criteria:

o 4+ Ali erythrocytes completely agglutinated into

* a large mass or into clumps.

30 Clumps mailer but surrounding fluid still clear.

2. Coarse granular clumps in surrounding fluid pink-

SIsh from suspended erythro-:ytes.

.1# Fine but definitely grznular clumps with ,tir-

rounding fluid oinker from increased proportion

of sus•ended erythrocytes.

± Indnfinito granular appranc.•

0 Negative. Finn evenly divided- suspnsion of

erythrocyte* without evidence of clumirng.

* h. Recording Titer Values

The titer of LS*e oeru was the htpx.1est. ln.Ad diL.-

',tion (antitg'n added) in which 1* nelutAt.Inti oc-

curred.

i. Rewvamtng Titratlons

As 4 check on the r*,solution or the %F;lutinitions,

* titratiunr were examinshed 1 to 2 hours .tftt!r standing

at roam tem.rorat.ure.

2. Yith.•d B .- ?o.fditcation of Cold !'c;-.lutination Test,

a. Blocd Samiples

**"ole blood sxnplei w.'sro storel at ro.-e te-,F"riturfe

where delay in tepatratinn -era wa¶ unavoL-tle. They

! .. . .. .. wore nev,,r stord as w?.cle bloc*i lon,;..r th.ftn 16 hr-iurt.

0
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be Sepaastion of Seft

Sam* as in Method A.

.Preparat ion of Erythrocyte &ispensions

A single Group 0 donor was used throughout (except

in experiients dealing with the effect of varying

the source of antigept). Only freshly prepared *ryth-
rocyte suspensions were used.

"4i . Presumptve or 3See~nin Test

s ?itratton of Sera

Sae as Method A.

1f. Refrigeration

titration aixtures were placed in a walk-in re-

.trixera•or (300 cubl foot eapacity) where the

ambient tempprature ranged from -2* to #20 C.

g. R4&ding

Reading of the titer tubes was performed inside the

walk-in rFrlCerator. This obviated the necessity for

ice water bathi and4 wiping of tubes to rtaove frosting

* i and wnter trcn the outzide surfaces of the tubes.,

b. Recording Titer Vilues

-phasis was placed on th~e distinction between 1.

2., 3+ an4 4,. agglittinations and use made of differ-

ent titer levels which may be defined as followst

1. titer - Corresponded with the highest final di-

lution in which a 1. agglutination oc-

curfed.
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diltio toWba- w tnto

23 titer - Corresponded with the highest final

dilution in which a 23 aglutination

occurred.

S3 titer - Corresponded with the highest fial

diltuton in which a 3+ aggLutination

* occurred.

* 4. titer - Corresponded vith tho highest fnatlL

occurred.

•Tub4t RwrA r 1 6

final Sarwta
• Dilution. 1:2 tLA 1:0 U:16 1012 t:64 sl:R tt256 I.:5lV

A" Altutination 4 A 4. 3+ 2+ 2: It I P 1)

"+'69 "h Titers It#
3+ Titer: 1:16
2+ Titers t641

1* Titori It256

( ALl four titer wtued 4nre. recorded Cot- sAmhnle

"this type or observatr pormitted qivititatton of

the degree of 'ptlutivtton and an indicAtto ai to•

uthe -ount. of agglutinin pregmnt in each sp.civ7en.

i.t. Renrmtng Titrations

S•Same as in Method A.

C. V.,tkhods of Analysis

When a sufficient number of cold afflutimLtiofl MoL~re are

done on any homoenwus group the resu-ts follow a frequency
*

S ....... . . . , . .,o ~~~~.. ........ ..... . ... .......... ,...-....•,.,.....,,'...... •......,...,...-..?
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distribution. pattern just as do other biological phenamena.

*The position and shape of the distribution curve are de-

pendent. on the following factors: 1) 'class intervals desig-I. mating titer valuess 2) sensitivity of the method of testing

r and 3) peculiarities intrinsic to the individuals of the

~ Igroups being studied.,
In handling the class intervals there were two possi-

kbitistae 1) actitai d'.ution values constituting in these

or :2) :5- veAles, such an lgaritwI: function of the
d~ineitit.s Lbs leatteries 2D P,, 8, the for-o the etc.

lo Atr.b codtn, pasten, vaus eaploetd in all calculatiense

~ ~ L.s i:Wk J:9~ L16 Is32 U:64 L1l23 1:256 10S12 W:024

Tit.er 0 t 2 3 5 6 ? 810
Value

The cosi lteon r ,antii ro i tihnto th. , hiut s t. tiure nure er
in ' ich n und. Since di-

i. pendent en the following atiois (1) wlass fnao lads•

lutlont wtier~v doubes' in each iuccsive tube, tho tube

and •) tpuat is, the odI titbr vAlua, actually represents

the exnln'• to the his itv (e.gl. 1:64 equals 26).

T he js~tifi"tion for this coding tnstoA wAs that it tend-

ed to rre izsa t oet or thte dIstributIens anayzed, a dis-

Sotinct *.iantago in cvibhing rirVl accuratse visuanc ioatit n

*dl of titer dh, rabteions fre.u infortion as to the moans

.......... .................. w........pyd ..........................

...... ....................... * T *. 9. ... 0
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Thei typesaiof cure sobtain ed ulsin Ut s o sy st frlf em slu

ltons dthe t c ara teristc nd hae s.ultt of the enr .L rbests

tor* which seemod tin tflueneo cold heMgutinatioo oe-

c&rwedt as nors&-t. frequency distributlon-i.

.I

"atd sLtaidrar M athol n$oJ in th. asn'¶tSO Isicluded the

NO tLest., th corrtalitelns Lrhot and It* an.t the various

meethods of c~hi bqicro. In trvquenit hnstences, cmparlsons

Srhe aide between two ur stq oe1 siplee i taken fY• the sow

group of Individls, cre the two sets showed aehngh d-e

dree of correlation. hen tent for sthplficant differenc

,n the iharai of sueh enrrelted sh•eit Involved the forwinla

which t ne oworatwed the "r" value in the c elrulathon of sielm

of the wiftere r tee.

III. MU3ILTS

A. Reader IHoliabllity

One or the mosth critical aspects to t-d e detehut nation of

"-.old hte.iggithinin titers irs the ability of the ,aerimertal-

61st to reproduce his rentdinC5 wit h a hIgh dnaree of reliabil-

ity. Sine no experi••nertal proledure was denlvned to derive

an index of rtader rcliability mal attcmpt was made to assess

%
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this Important factor by utilising the data described in

detail under a subsequent section (III C) entitled "Effects

of Temperature Variations on Cold Remagglutinationw. These

data consisted of OD blood samples titrated in duplicate

and read on two successive days according to Method B.

In Table 2 are shown the coded titer values for the du-

plicated titrations ea randamly read by the same individual

(G.R.C.). In addition the differences are presented be--

twoen the individual readings as well as other statistical

measures* A statlstica.Uy sIgnificant difference was found

bet-'•-n the seaska ot the first and second readings as at-

tested-by, a "t" value of 9.815. Perusal of the table re-

veals that the cb•,rn, • iin titer valusa were for the mosr.

part in the !3,-,i direction, n.-'.ely, a reduction in titer

value for the s•cond not r.t" tUtrations. If the difference

of the r.eans had rualR•At fre, the readers variability one

%-uld no. have anticipat.-d " conh snoistency of titer values

in one diriction, A "t" val,'e of 0.164, proved that the above

ze.-n differcncri record.-d in Table 2 did not deviate signifi-

cantly frcn the diffnrence of min3 for the tw r-#.dings

(0.95). Thus it en be ,it'lated that the factor nhich

contributed moit hcavi1y to the slnificant eifference was

the effect of re".%.atng on tho 3eCond set of titrations

dvirlng the transfer pracen. Rirther reliability of the "

reader was indicated by the hiph positive correlation co-

efficient of 0.359 obtained between the first and second

,. , ... •.,. .. .. .. *. . . ... . . . . . ..:.:. . . ..:. . . .:.
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t ' ~~~COW.MAJTION OF COLD 10_4ACGUrI]N N VAL.U• ES "F

'•f Diff. oe oe oddTtr•~

Sazmple Coded Titer Coded Titer Btween Sampl Coded Titer
NO. VAlue (1) VAwuL. (2) And (2)J No. Va;•e,(•) Vale(2) j ()md (2)

2 6 6 0 ,1 7 & -1
2 3 2 -1 4 6 6 0

43 4 0 43 3 3 0
-1 2 2 0 4 6 6 0

5 5 4 -. 45 4 3 -1
6 2 2 0 46 4 2 -2
7 2 3 +1 47 3 3 -2
8 2 2 0 05 -2
9 2 2 0 49 5 3-2

10 3 4 .1 50 4 2 -2
i1 3 2 -1 51 3 1 -2
12 3 2 -1 52 4 3 -1
13 4 3' -1 53 2 L. -1
14 013 -1 54 4 3 41S15 4 .3 -1 . 55$ 3 2 -1

16 6 6 0 36 5 .3 -2
7 2 1 -1 • 7 4 4 0

1:71 2 -1 58 2 2 0
'9 -1 59 2 i-

6 5 -1 60 1 6 -1
5 4 -1 63 3. -1

L2 2 1 -1 6• 2 2 0
3 3 3 0 6 3 6 3

66 60 64 5 4 -1
51 1 0 65 3 3 0

2 0 -2 66 4 . -2
27 6 6 0 67 . 2 -2A 4 4• 0 687 6 -1

29 I 2 -1 69 1 3 -1
3C 3 2 -1 70 4 3 -1
3). 5 4 -1 71 3 1 0
32 4 2 -2 72 4 A 0
33 4 3 -1 73 I 3 -1
34 5 5 0 74 3 1 -2
35 6 5 -1 75 4 3 -1
36 5 4 -1 76 4 3 -1
3" 6 4 -2 77 5 4 -1
38 4 2 -2 78 7 5 -2
W9 7 6 -1 79 4 3 -1
LO 1+, 21 0 j- -- 1 -2

1'ýovin 4.O 3.1 1.0
I !,S.D. + 11.__ 1.50 0.69

ti2- 9.815 P <.001
rl-2 - +0.864 P <.001
1% Conftidnca LL-it.s *0.766

to +0.919
•$9

S. . ......... .. . **. * .**. ." ."" " ;"".". *".". *"* .".' " " * " '*" "". " " " "-"" .". .".". .".. . . . . ''
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readings. *ThUs statistic indicate' t.'et the change in titer

values noted was highly consistent suggesting the influence

of factors other than that of reader inconsistency.

B. Refrigeration

The single plqsical factor most essential to the cold

* . hemanlutination reaction Is cold. The reversal of agglutin-

ation upon revarming is recognized only as a characteristic

of the reaction. Only in rare inst.nce. does this non-

specific reaction occur at warm temperatures (250 to 370 C.).

The spicifications for refrigeration in testing cold agglu-

tination are usually given as batween 00 and 50 C. for 12 to

16 hours. In reading titers, according to methods usualljy

described, racks are removed from a refrigerator and read

in a war roo, prssu.-ably bWfore rewanring. can occur. The

rov.Leing effect of roon temperature may or may not lead to

error in intaneces of a single ta~tt or a =%all nmuber of tests

performed on one occasion. The erperierce, to be Cited in the

follo~dng perapraphim, however, vuggnst that error due to re-

* .wartdng wa.4 great when a large nabar of tests wire performed

at anr one time.

1. Method A - Korea Controls

A total of 3,387 whole blond sinaples, obtained from

United States infantry aolder.s, were shipped to Osa.ýa

frem Korea between 24 Novc.b-.r 1951 and 12 January 1952

(TAble 1). These s,=zples were shin•ed In 11 separate

lots varying in size from 37 to 818 s--ac!iens. The tests

960

. , . . .. . . . --, - , - -., ,.. . o°. -, o -o ,o o°.,.. . ° o- ". -- ... ,",'-.. . . . .. . . ...-. .... . . . . . . . . . . . . . . . .*.. . . . .-. ,,.% ,%
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"were carried out immediately upon arrival of samples In

Osaka, so that the nuber of tests done at one time cor-

responded with the sizes ot groups shipped from Korea.

The time elapsed between the drawing of samples and the

F separatitm of sera ranged between 2 and 7 days, with an

Averagm of 4.5 days. Two additional days were required

for comp'atW. titration and reading titers of -.-ch lot.

Those titar3 wj-ion determined by M(ethod A. Alie grand

m ca Iter of lor.... controls vas 0.1. There was ronsider-

, , t riation in the :an titers or the saparatu lote

(fAhio 3). No relationship pas evident between tho

tltfr .nr., •xi lot 4izes i&herq the ntnber of spinplT.-i

war.o ?X or U.,s. Th-. three lots larger Lhan 700, how-v

iv,•wr4 h~d very lo, titer, o A statlsttial comnar.son

) 3.',3t.WCP •i'•Iti trrmn .he e.Lt lot-i of 200 or lcs, al.

tho:;.o of 'P) or mot.- showed the difference in titer

iean:; to 'b. hichly signiflcanL (Table 4).

*OISFlT;7T7ONJ 0_7 LOTS ;COM.rDG TO SIZE
AN"D JAC:A1 T.,.1 F- GA KO~ 0" "iTROT.S

Lot ",;ize 5'9 1,2L96 IV1.97 1 200 732 7344• 813•

*lt,;r ,*:aii ., 0.5 1.. 0.5 0.5.1 0.4 0.2

'* Tho lot of 734 - i.'3ca.-•:• e ¢ a Puerto Rican MlCnii-.ent whereas
the lotn of 732 a±rd 81.8 'iro clbtain,.i fro-i individu, 's (pre-
dc~ilnatel.y %Iite) origi .... . rrc- the United States. Puerto
Rtcans were belle':nd to have a -rediri-osition to higher titers
than e W.her 'Mhites or Netjrns frcm the UValted States. (See

.Part. 1 - .e)

*1o,.
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.C14PULWSON OF MEAN COLD H'.AGGLUTDIIN TIIS FM
THRM CONTROL GROUPS WITH RESPECT TO WT +I'-C

.No of Range of Titer So D -

Control Group Lota Lot Sizes N Mezm It P

Korea a 8 37-2001103 0.8 ±1.24 114.825 <.001
Korea 3 732- 818 22k4 0.2 +0.64

o 8 37- 220 03 0.8 ÷1.21 -

R. am R. 17 76- 211 2254 1.0 1.23 ,.,6 <.001

2. K.thod A - R and R Controls

Because of certain unvoidabl difficultie.s in obtain-

ng- blood samples in raorev and shipping them to Japan,

tha. a and cradition of Korea control em.n-ples varied

widely. A more convreoiont soure-i w" from the Pest and

-R-u-ý)rtion CQnter in 0sm'<a, Jap. TMo em disetdvant-

a.;o of this 3ouicu was that, vaplin.g could not always be

restricted to front-line troips.

A totail of 2,254 e.vrýp:hi o ~z~- t the R and Ht Center

ware tested by 'othod A during the period 9 January to

19 Februarry 1952 (Table !). Thu sera were. separated and

titrations pr-tor.ed the no-ming after (about 16 boure)

m•ples wero collected. Tho averaZe ti-ma between col-

lection of blood s'.noles and cOMpletion of eAdirngs was

3.3 diys with a range of 3 to 5 doays. The results (die-'

regarding race of individ:uals tested) are shown in Table 5

together with co-iparison with those of the Korea controls.

The titers of R and R controls wero bisnrficantly higher.

962.

/
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When the three largest groups (over 700) of Korea conrol

were excluded for a comparison between R and R controls

the groups were more unif-rm fn slje (Table 4). Th6 dif-

ference in titer moa (0.2), even though significant, vea

much =aaler then the difference (0.6, Table 5) In the

previous comparison between Korea and F =A U control

groups. Whether ago and rauth handling had any influence |

on lo-er results of Korej controls in thes6 analyses can

on.y be conjectured.

TAMZ5

COFPXRI,4'I 09? tM9.I COLD fRc'.GGDrE•ILE ?ITIMS OF
Krt1R?.,A COTrir' TO R 12W ' 3 ',,s
ACCO:jD')G TO TfCT O)? PEP-0CV-INCR

SCo l Cro,,... • h .. _aa S.U. ýt P
Korea. :

Kra Vs. A 33~3? 0.4 VJ.92

R & R A 2254 1.0 :.1.23 17.693 <.001.

R e, it 8 1671 - 3.4 ±!1.5_ 69.694 <.001

3. Meth.e.t A C.ý,np C•akn Control.

rThe results of 587 tests don,-- by Method A on sera of

replac ,:,nt troops arriving in Japani frai the United

States, had a n,.an titer of 0.6 which. was comjArable to

tho '.ean titers of the =caller gctrpi of Korea controls.

The condition of the samplos from tho replaca-ment

troops was good but the size of t.he group (tested at

-3.)6 3_
-.

A * '6 3 . . . . . . . . . . .. .. .-7 .
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one time) was larger.

Kethod B - R and P Controls

Conew.- over adequacy of refrigeraticn arose because of

a poor correlation between results of premuptive teets

and definitive titers. There was also a tendency for both

prisvaptive tests and complete titrations to be positive

during initial readings in a series and negativ, as

readings of -the lot progresede. The use of ice bathes,

to prevent rewarmin of titration mixtures before being

read, appeared to h've little influence on the obeervat-

ions.

It wais auilnmt4ew4 t'-f 'W, br nltn h

rocm tat.porature, t.,ercforp facilitie. wire obtained so

that the cold he!-.a ctlnatioen test c•uld b4 performed

Inmide a 3C0 clibic foot yalk-in rafriger.tor adjusted to

mainttin a teeperatuni of 0' C. (Pethrd B). A continuous

terper.Ature retord z:de on a Frieze Tierro-wraph indicated

the averaZe temperaturi was 0" C., ,dth a cyclic flunctu- j .

ation b,)twann -2" and #2* C.

Despite the drop of te-mperattu-o bo1o 0* C. freezing of

the tedt tubes did not occur. •CrtPin adva'ntn.3es in read-

ing, t~iter3 by this mithod were:

1) •ore distinct a&,Iutinations with leos tendency to

reverse f.-=t over agitation.

2) Deletion of ice baths.

................................ , ........ ... . ....• '. -..-....,...'..-,....'... ... .. ',...',,'.,..'., .. *.,,.. '. . ....... . . ;,. . .-. ,. . :. .. *.-.-.-. .. -. - . . .. . ... . . ...
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. 3) No opening and closing of refrigerator doors between

readings, which had previously been factors of def-

Inite inconvenience.

4) The outside of the test tubes instead of beccttin&g

frosted remained clear a&r the necessity for wiping "

each tube during readDTg was obviated.

The Method 8 titers for R and R control sera were signifi-

.cantly higher than those of either Korea or R and R (n-

trol, testted by Method A (Tables 5 and 6). Control. .

samples were positive (98.6%) of Wdch 6a.8% had a titer

of 1:1 or higher. The difference in these readings coo-

porcd tc these nhb'inpd la lVctkiod A was attrtbutcd mainly

to tho carerit control of t.?moerature (-24 to +2" C.)

throurhuL t, o refrleration and readling plhaes of the

test.

TABLE 6

- U NPAR1Z0o:I v3Z'N7,, 'I ;ki COLD HIAOLUTIhIU TITOS
OF R AN'D R I.X)T1M0L FOR PC7r0S A LIM 13

Titer
1 a ehc P-In _S. 0. t P

A l1 0. 1.12 47.437 <.001
ae 1432 3.4 !1. 55

A 220 LA4 I .
Necgro BI 1~~6 13.735 <.-OIa 172Z F "3.;6 1.6

5. Method A and B - Frostbite Group .

A total of 1,181 tests were performed on sera of 471

frostbite pitients. The nera were tested in 26 separate

o~o-• - . -.'. o.°. . .
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lots wbdh had an averge of 4f (range 4 - 175) speci-

mens. Reults of initial titers. of 214 Whitt and 191

Negro patients are ehoo in Table 7 along with analogous

remlfls from Method B titers for 126 White aMn 120 Negro

fr-o'stbite patients. The comparisons shove4 that the

"Meothod 3 mean titers were sinificantly hii&er.

I' t TABM 7

Titer
R fbce *ithod N i,,•. m S. r, L P

A n.4 J 1 -.1
- -) 1~JA.3 J.1 4 1j.551 (-00l

Iw o f174 5.813 '4003.

C. "tfrec of Twnperatur'e Vaxrations on Cold He•,.•utnation

Ln oredr to sluriJate tha influence of t-..perastuo variations

on titer values 80 sera w•ro titrated in duplicote with one

set being processid accord.n to Nothod A aM the other by

Method B. Records wera kept of th., tewlrtwvtre inside the

"refrigerators thir•ng the e-xperi•ent. The terperature inside

the 300 cubic foot refrigerator fluctuated regularly botween

-20 and +20 C. averaging, 0 C. There va3 a steody rise frcm

-20 to .7* C. in the six cubic foot refrt~orator during the

30 minute reading period. Thx Individual titer values ob-

tained by each method are shown in Table S. Analysis in-

dicated that in spite of alb'ifacnt positive correlation
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(r' 0.602, P' <.01) between titers b7 the two methods$ the

Methed 3 titers were again significantly higher (t *22.4"09

? 4.001).

TAKE 8

TIE 727!Z FO078AETUIOSO 0 SEUt

go.~~~~ ~ ~ ~ ~ I: A*N. A . ?0 * B I No. A*B*

1-6"1 21 1:4 1 Al 1A 1113 1 11

1:2~ 0' ).4

*~~~~~~~ 11CA -1OI.710 O1.
0 1! L-e1d ii cr I,

* N#Re~c ~t a~q
T: pcttr ff'a~ u~~~Ua. nadto ote~t~

A0 re1t 10i's 11,~~ty o~r hi ie aus ~n it
decrease4 0o~vAatt 71t 'jiui h ~rgoao e~eaue

Th~ rea~ir~s~iplda UL.lyd b ore~air~ th eap~enume2

withth. two~ris oftitr vlues Th Ietod titr vl 1e
.5 ada ~st~v crrlaionwih hereti~raorteiipraur

_J7O.5~ 0 ~ ~ 0. r.1 sJ~zcn P .5.B~Lt3t

206

Bes Avaiabl C.7opy0.4



the Method A values had a negative €orrslation (r" -o1O)

which was significant (P <401). The comparison between the

two correlations showed a significant difference Ct - 5.263g

P ,001). These aiyses show that for" Method A there i•xited

a aInverse relationehip between the titer value and refriger-

* ator tempraturs.

Any error introduced b7 poor tUeraturs control would de-

pond not only on te-peraturs rise within the refrigersator bt

altso upon the umrning effect of the room t rature as the.

tubes were toing reAd. Th•ose influencos ca•not b e xpected

".o re-.%'n constant. Tho ria.e In t&,poature inside the re-

o frig tor depor!-4 u.n tha folo'0 lngt

I .. 1) Prequec7 of on"Tg tM4 door.

2) DurtIon of each opening.

"3) Total nu-,bar of tMrmi opmred.

' ) •-•.sarate of the rom.

5) r~fficientcy of the rafrigpratore

* 6) Volirte of the refrigprstor.

;'.Tho extent of the vomng effoct reeuating frce sxposing the

* 1 ttitrations to rec-i te--praturo durlng reAding wmild i.kewidee

*::. ba inconstant. T.ho effect deapnded upon the room tqperature

ani tira conem-'od -ith each ro-ding.

The effect of w•abig on the a&;lutination e.ther in the

refrigerator or In the ro= would also be dependent upon the

therAl mplitules of the cold he-nautinins beirg tested.

The evidence pr.eented indicated that te.peraturo variables

0o
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• '•had an im-'portant beareing on results of tho cold hemagglu tination

|tests. Therefore maintenance of a constent temperature during

• . refrigeration and reading was deemsed necessary.

•I• D. AV &Wd fouco of Antigen

I

j! The effect or the age of thi erythrocyte suspension (antigen)

At - was not investigated. All erythroc•te susposions were pro-

S-pared fro:m freshly dra*n 0 blood for method B tests.

. It is reasonable to e cpset that. doiors for erythrocyte sue-

( pensions might vary to sons extent in antige• eity. To avoid

such a variable the same doir was used for most of the method

A testi. Different donors *ftre tried on a few occasions. The

"teehnle!.n readIng tho tltsrs " I :!r# claimed greater dif-.

ficulty in deterr.Inin end poLnts when blood other than that

twosa the origlnair donor (L.S.) was us~d. the source of antigen

"w"a restricted to ono donor for the Mhod 3 tests.

• ",tudies were made to test the effect of different Group 0

- donors on titer Taluo3ai In one study. 24 sera were titrated in

I duplicate and the erythrorytet of L.P. used for one set and

' those of R.Z. in the other (Table 9). There was significant

correlation betwten the two sats. The difference in the means

was OtAtistically significant.

in a second study 30 d wr.A ware titrated in duplicate. The

erythrocytes of L.e. worn used In the first set and cells of

th-ree different donors wor.5 u3ad for the soeond group (10 de-

terminatio.s for eachi donor cell suspennions). The correlation

between the two sets was significant (Table 9). There was a

significant diftereiico In tha meians of the two sets.
S
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TER~ ~ ~ ~ Vn~ OF DIEETAT=DNRSO H CNU

Dono N.1n 3 D
T'. U. 3

Irythroc-24 -- 
-T 

-
-to1~~~o

If C ~ind 3 ~1.Y ~ 0.9W6 401 2.079 <.05

1 3.& ttor&4 * or m2owdsemples

A stu was ,sa~i Irelative to the maner of storing %o1.w

blood so--plea, nmoaelr whether eold &Wgltinin potency wa
saitAtAnfld best at refrigerator or at .o tcaperature.. Prior

to the initiation of the Vjeth~d U test, the practice wes to

refri~trate tho control w.-ples and aeparate the aers In the*

[ aoridiij. At tir-,o siPjles would fressze be~cause of umevewn

refriglrrtion wAr the rositdting hemolyesl erAde the reading~s

ditftcult aw4 inccurate. Consvqiaet1y, the pro,ýedurar was

cbangod to storing eanpies at rot-% tv~pernture overnight.

Mlood was drawn frcs 54, patients and each s=pln dlividad In
half. One set of whole blood s iaples was stored overnight at

room tfcrpraturep the other in the ref rigerator. The foflv-la

Ing nonlrnav titrationa were perfor.ý,:d on both acts of saminleo

a 4 by idcntlcal toc+hiiquo. Ilm-re vas siD-dficant corrulatioa ba-

tu~an the t"o 4,)tpe of titers (Tcrbl 10). The vtan titar vzlue

a ~of the refrigerated sar~ples was zi&-ificant],y lover than that

of the bloo4s stored at room temperature.

I It wras concludod that storage of whole blood samples at

. .*.,.. *.*970
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re te.perature me as satisfactoty as storage b rfrig•• -

OWARM!S3 v- M')AN W..D RMO=GWDMD ?TITM M~ WPLCTE
1#TICAL WS=PI A AT TWO DnqM=~ TIMPATMMS

Location
S:tol~ , N X-rip t S. r . r I P_

K U vas not intended that the studies presented ber represent

a exhauestive evaluation of the technique of testing for cold bemws

utintton.I Uther ••. V 1,i anticipated that they act as a guide to

reliability of 4ata acemtlated srpetfclely for the study of frost-

bite, Purthermore, if az' part of the date was to be discarded as

naoly I,• 'taccurato, th.j justification for such a setictioa had to be

established.

The greatest emphamis VAN placed on careful control of t"euper

ature to htich titration mixtures were subjected beeaus, it wse apparent

th4t poor control of te-s-perstmri was, the most inport,%nt caise for v&ar-
atlo in Wt bulk of tests p'.rfomrd 7 Rothod A# The six cubic toot

refrigerator wais admdttedly inefficlent for wor' of this typo becaue

of tbo small volj-• ard rolativ.ly , lrige door, a cca.ibintiom which

resdIly le:lA to temperature rise within th4 WfrriZrator from repeated

opcning of the door. Another point, to be tcp.V•Ixed is that the )Method

A re'mdinpa were don* in a rom tJ-t was always vmun and often overheated.

Direct evidence if an interaction between wars air and cold tubes
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was readily apparent b7 the .frostin of text tubes.. FrostiJng tended to

r Is ide the refrigerator shortly after a seriee of Method A readin

was started. It did not occu during the Method B readings unlse the

vorker breathed directly on the tubes. Row tool a rom had to be to

eliadnste any substantial rewamuing effect on titration mixtures %as

. not studied. The reading of titere in an atmosphere of 0 C. elininated

any possibility of revarming. This vas the Justification for using the

Maethod B tec).niqwse. The high titer valuaes obtained In Method 9 were

(-. rather surprining Ini view of the usually reported low incidence of this

, phenomenon In ha•aethy indiviuales.

These studies on technique centered on roprodtucibility of resulte

and the modifications designod to improve accuracy. Inaccuracies In

Method B vd&ht be attributed to error. of titratlon and reading. The

principal rexuer did ha.o eonniderable practice in d.6-eloping con-

sistent re•iiizi (8,332 Elteris) 1 eefore introduction of the modified

method.
iL

(C Staenardization of tho cold h AIR utnlltIon t•ot was esse!2tial

for the Investig.ation of froabit- -tince eonclustota vere based.on a

statIstical cet;:,;ýrlson of the titers of different grour.i of soldiers.

ximo did to. pjrdt an e,1u-.1tiv•,• AL.y of all phae., of &ethodele•.

For tho mele of expediency, a choice hIid to be zide of thote proceduree

uhich s30_=d nioro rea3orible or leP controvae-Ial *ihcth-r or not proof

wa., e.t..blinh,.d as to their u,"reioriLy ov..ir alteructe r.roccdures. A

general Indication w%3 presanted of th,3 .iritation3 of recuracy ex-

perienced In porformin cold he:.•-/glutination tests by .ethods A and B.

TI 972
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It wasn concluded that the titer 'values obtained b7 Method 3 were ac-

curate and reproducible. Analyses showed that the technician reading

the titers had a high deeres of reliability and conuistency.

Ti. 3zR1W-:!nT"'1k~m

The reca.-mndations as to aptimia -rcdus (N o B) for

performing tbo cold h-z-.sggut~natIen test were an follows.

Refri~geratiLon and Reading Twporature

Eteadbw shu l e dbe za4e Inan envimror ntIn which the c
trpiraure varie3 but ifrlyard corresponds to the

refrI,%rat$'to-i tvzporature of the ssaaple.

* B. Krythroc7t* Suap-.inon I

Thn tiza of freshly drs'n bloM~ obf".Inod frou the saow

d ~onor th o~~omt Phould be tht proce-e~'irv of choice. J

C. *lthcet of Store...ij of Slood, Smitplehs

Sbarcg* of w*)ole bVood 84. pIos ovei¶1iht shouild be at a

Me=~ te.:-ratiAre of oppmr d'--taly 251 C.

1. e1ta~ 0. tcxj L. At. Cold h":lt'tiu-an

2. Cloiich, P. C. 1-nd I. 11. Plc~er. A C1.U47 of an autoar.;1txtirni
oeeurrliý In hw~an r~emn: 2-il. Johna Hor~l~n. Vo-tp- 291 $6,
1918,

3. Stjf. .P .. ,J. B. H. Ualova r.1~ F.. * cokinri*
Zl-c'roFicr-i "13 ari :x.,ibo.y n~trn--.;n do.toi 9-nations of
a cc d hý. "lt-Itan. ine. Coe.~-rr T-0V1. wr4 14d.

4. fs.vonmf, KDi.~i slir.tc intom of tIha cold .it-
ation. Aeta a-.d. Sca~rdinav. I~: ('ui? P39) 133, 1950.L

5. Waine.r, D. The role ef cold I~uiisIn frostbite.
Rleport Nlo. 67. 0ICRt Project No. 6-62.-12-Z, 1951.
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WLD YA= !1.UTIMATION SIUMD
KOREA.I 193a-52

Pait 31 Relationship of Cold Hemagglutination to Frostbite

I. DIAFO21TIO
An extensive stud of the relationship of cold he..agglutina-

tion to frostbite was wtivated by the hypthesis that an individ-

* ual1 a susceptibility to frostbita could be directly correlated with

titer of cold hccagglutinins in his ser=. Weiner (1) reported an

invesatgatiou in 4A tch cold hemazggutinin titers were si&nificantly

higber in a group of Individ-mls frootbitten in Norea during the

) ~~winter 19-A0-51 than In )0W beAltlt. soldiersi stationedt at Fort Knox,

Ky. A theory was developed that intravancvta'r agglutinAtion U ld#.,

occur is, conltuctien with vasospaa and local. '.hilling during O

expodurs of a part to cold if a high cold hemagglutriiln titer'

* existed. Local tissnc oo~ling and injjury wvuM1 thouA be duo in part-

- to hemic stasis associated with Intravascular cold hema,7Lutination.

Occasional refer',nca.s hare appearod Ln the litaiaturo su&-

gosting A relationvhip betuecni cold hema~lutinAtion and cold m.s,

ccptibility. An indication that cold h-agglutination might have

sowe b-aring on individual susceptibility to trenchfoot was stated 0

, I by Parker (2) in a perscnal- comi-Acatio;a cited by Platt and Wa-d

but no data were submlitted to support this belief. Stats and Wasser-

man (3) suggested inve!stijsation of the pos•ibUlity that individual

Utlerance to cold is depandutit upon the titer of normal cold
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hema~litinins. Tn studies on experimental frostbite of rabbit limnbs, .i

Lange, Wainer and Boyd (4) reported observations of skin capillaries .. ""

using a capillary microscope in which erythrocytes were seen to clump -..

intn irregular masses concomitantly with a halting of circulation

just before freezing of tissue occurr.ed. Immediately after thawing.-'i•

the reverse process was noted. Further investigation was suggested ..

to determine if this phenomecnon represented cold agglutination.-.-,"""

'( Similar descriptions of intravaecular clu~ping have in fact '~

and &Lllova (7) In ntudiac of indtiridualn wilth potent cold hemagglu-- '•

tintns. These examitnat•ionn wore made on conjunctival vessels follow- ,

inc- lrotAge of the eonjun-:!,.ival race with nold isotonic saline eolu- "" ""'

SLion. R".ers•al of the cl~pifng occurk-ed when .-warmth ".turned to the",'...

ti•ssules. '•

The po• ise of thi.i study w-t to det-e.-ndne the relationship

of cold h.•maVlutirtation to frostbite. One obstacle to this investi-

gation was the lack of .knowtedge of just what forces determine

Inhorit•cl. differences or acquired ch-.ngo in the amount of circulating .....-7 ..

cold a,.h,ititnin In norna.l individ!uals, The lack of Information on ".''

Lhis slibject made It difficult to plan the experiment so as to "-'"

control such forces. ....

11. KFIF•ODS """"-

The cold h.eman -.lutinin titers analyzed in this .part; of "i••

thn report were done on sera of frostbite patient.% R and R ":•

control subjects and Cam.p Drake control subjects. The titers "{''

* - - - ------.---.- --

-• 7-,°I-
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.-from the frostbite group were designated either as the

Initial titer (first test) or the modal titer (most frequently

occurring value). BDcause only one titration was performed

for each control subject the initial titer for patients was

used In analyses involving comparison between frostbite and

control groups.

S. Procedure

All titrations were performced accu,-ding to Method B as

outlined in Pat I and all Liters were read by one tech-.

niclan (c.B.C.).

Ill. RySULTs-

A. Intrinsic Factors and Cold Henvaglutinatton

,1. Race

The make-up oC various racial groupn" studied was as

follows:

a) White - United States Caucasians.

b) Negro - G.:ited States Negroes.

M) Mongolian - ArveeLry fret the yellow race,

mostly Japanns,) living in the United States

"or Hawaii.

d) LA.rn Wmerican - mostly individuals with

Puerto Rican or .execan ancestrf.

e) HeL waltan - Native Rawatians.

* The titer- of' Nl:Fre were siritficantly higher than

those of Whites In all cor.partsons exe"nt the one in-

volving R and R control suibjects (Table 1). An ex-

- .*.. .. -979



TAEZ I

R&CIAL OCW4AKRSON5 OF COLD HWDUMMDU TTI

Racial 1 thn
cOu ociparisons NO. tial S arazd _ ___ __

Lati
I~1&ý -M±. .o

____xn -... JU L 11.66 ~ i...2L...
* a:Latin

I --

v_ _ ........ 73 < 0

L~~'-*~AAL 1.6JýJ- ~22 3_ 7:9,P -<.-001 _
7.2~2L j4C<001

4, Ilanil
j yjj '1 ill- 12 .7 4.71 20.891 <.50

.V.I

22571ZI7:0591>5

- * *..*.* .* . ..Sao.



plaaation for this ceeoption has to do with the wall

proportion of Negro controls from battalion level In

contrast to White controls (Table 2). -There was

I.'' evidence (to be prevented elsewhere in this section)

I ~that titers wer" higber among troops from forward coa-

I ~bat areas than among rear echelon troopsa. Consequenatly,

a higher *aen initial titer might have been anticipated

I in the Negro group It the distribution with respect to

.1'.

... forward and reair echelons had been comparable to %he

* White group.

TAMS 2

RACIAL DISMhITICN 01 TUi, R N I MV= GRO
"ACCORDPIG TO :.PAT E= C•t N

"" " ~i " -lte , ro

Arm7 ~ 332 23.3 a 5i
.. rision 4i9 29.4 3/4 19.8
"LReginent 401 29.1 42 24.4".R'I t.•lo. 275 19.3 13 4.6

100.l 1 172 100.0

- The difference between titers of White and Negro

races, whi!. distinct, was not large. Gruater dio-

-;ferencos were noted In comparison of Whites with other

racial groups. Mha apparent order of I/nerent cold

hem -glutina Lng tendency (by Incre&sIng order of

* mean initial titer) was as follows:

J "-::- j .:.:. -: :.:::::::::::::::- .:': ::::: :::::::: :::: ::::;:
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11•
Frostbite R and I CMp Drake
"Patients Controls Controls

White White blit_
"Ramo .eu..vo Naem,

U )Monso.tian Kanglian

U U Hawaiian

"The data presented here i-ditcated that Cold heag--

IS g:liutinin titers differed s$tiftfcany arms the

various raci4. Sroups atodied. toe poesibiUty that

v.re4ýop.-ed diooaaes ayq account for these differences

j cannot be entirely e*=uded. Tha mbjects studied ver

h.Altby tr-op, therefore thi differences were con-

sidered a ma.feetation of racial ebaractaristic.

Because of the r.cial O.ifferences i anala were

made without first grouping data atcording to race.

2. Blood Groups

Limited data were collected for en analysi of the

relationship bet14nen tha blood group of a seru and a

IUn anti-O cold asplutinin content. The inforaation an

*'' to blood group was taken trrn Identification tags of

. 273 -hflite soldiers of the R and I control roup at the

tJnt the blood sq.ples were collected. It shcld1 be

"pointcd out that. such data derivad frc identification

taga may ezbody a 15% e.-ror (8). The Aistrl-btion of

these individuals according to blood &roups &pproximated

the expected nor'ral (Table 3). The titer means followed

* 982
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27 WHT IN MTM-SBE

I"

•"DISTEIBJION OF COLD 1fl2'LC~w•IN TIT•S FOR
;.273 WHITE R AND B COITWBL. • 3IBE~

AC=ORDNG TO B0K D GWP3

.Blood Observed 1Incid'encse Non Initial Titer S. D.

0 131. 49.1 3.1 !1-36
A 107 39.2 3.6 1.1.A2
8 3 19 7.0 3.6 ±1.51

iAL 13 16.8 3.8 !2.4,0
; • 32 a -.2 ay.

543

C the seqience O, A. 9 and AS with O the lowest, A and

3 appx•.:,t,.• and AS hiost. Blood group

differenices e• , nt jflnenca the ann!Tyses presented

in this investi.tion boaeuee the distribution at blood

groups was assumed to i*ain eonstan, as Img as the

racial diztinction was made.

"A relationship has be, fow.d betVeem ago and titer

of naturall occurring anti-A and anti-B a•Zglutinins

(9). Their studies indicated that these agg•utirins are

low 3t birth. aincrease to a peak about the time of

puberty, and very gradually decline thereafter. The

question arose in to Omether any relationship to age

holds also for the indli•idUalls normal cold hemagglutina-

tion tendency. Trne present investigation concerned

soldiers within a narrow age range.

Data were availabl, on the ages and titers of 240 frost-

bite patients (Table 1). The co;Telations between age

S. iJ993
;, .- ' . -.I .. ,,.. - - .. . . .. . . . . . . - .. . .. • . -.- .. • .. . . . . . .. . . . .. . . : ' . / ... ..... ,, .' .. .
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TIM. 4

CDEM~ATIONS EMEEN I M ACM OF FMSTUT
PATIMM AN4D THEIR IB)DAL TITMS

8-38 t3-23
ddo )Wda1 Titer 4.2 1-8 ~1I .0

Aa(Te 21.6 17-27±1.94
NegroU flojda Titer 4.4 2-9 U. % 0.132

and titer were not, significant. It ass cncided that

Asubstantial nnmbtr of the froatbito patientsa was

mubjectoud, for purposes Of A different Investigation.

to eove:oal 1 t- 2 hour exposures (4 to 10) In ambient

temperatures ranging between 350 and 60 F. it was

important too )mw, whether cor not short #r~pos'Jres to

col could influwaoe cold egltntoeihr7

dietaction or by indirect ef-fect (Increased in-

cdneof upper respiratory infections). A comparison

was made, between the average modal titers of patients

exposed and those who were not exposed! (Table 5).

The results showed that the average modal titer of the

exposed and unexposed groups did not differ significantly.

It was concluded that these brief repeated exposures of

984



TAp

Avg
Tie'•. !•~~~OtMPARISONS 0' A13t~AC' IODAL, COLD RD(.A•OCTDhII

TITERtS FOR IFDSTE1TE PATIP2ITS

-i , wIrnRESP'CT'2COLDsTiZS.

Exposed 33 1.0 ±131.

; RWhie Iru )o D o

Whit Unexposed 93 4.3 ±..46 0.858 J0

Uzaeipopied 83t 4.8 Z1.35 0.0 >9

j patients to cold bad no appreciable effect an their

cold hemoaglutinin titera.

Be The Frostbite Group

1. Site of LnJryL There might. be ea-Anv for difference tn the effect

! of cold hemgltinaton in the pithogsrnels5 of front.--

bit* of the ,hands &3 compar,,edK to Its l,• nfluene on

development of froetbite of tho fear. (differences in

biowd supply to the hands and rest). A comparison

between ave agd, modal titers of patients with ony

frostbito of the hands and t.ose with frostbite a:'

the feet included 11•6 *iAt* puLents and 106 Negro

pitient (Table 6). Tho •_ifferences in me.'n titers

with respect to anateicdal !tte of froitbtte wore not

statistically significant in either White or Negro

groupe. Therefore. gr•sping data regardless of loca-

tion of the lesions in subsequent aualyies seemed

L~~~~~~. . . . . ........" ..'.'•',t ?''.''."'''"'"."."."....... ... """.""."."..".".".." "



COWGAI•SONS OF AVEELAC MDAL TITES 1O0
-FB)STBITZ PATII74S WI1TH RESPECT TO

ALAT•C'LL SITE OF INJUR

s it Ays.
of M odal

Rand 27 4.5 U1.63
, Foot 79 4.2 U.34 1.015 >-30

Fo.6 1.:6 0.0% >.x0

2. adxuw Degree of Injury

Since it hes been proposed that cold seggltinins

" "atlht have om-3 Influence on the se-7erity of tissue

dxauge In frostbite, a dtmonstrable relotlonship aight

"be anticipated betwse* mean initial titer and maximum

degree of in.jr7. A comparioan of mean titers accord-

Ing to various degrees of injury is shom in Tables 7

and 8. Bacaene of the emall nuuber of fourth degree

injuries, third and fourth des-ree patients were

grouped toSether. In the ).i'te group differances

Sin mewns were n.ot si;•ifictint. Larg•r differences in

m.ecns vore fArad in tho Io•ro gmoup, with the third-

"fcirth degree Croup3 ha-Ang the highest aean titer.

firot degree next and second degree lowest. Therefore.

analyses wore made with respect to the degree of

986
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CWHARISDNS 0? COLD HP)!AGGWTININ TITERS FOR
WHITE FEDSTBITE PATIVITS ACCRDING

TO KAZDIUM DEGREE OF INJUff

A vg.

ofIn_________ VTter -S. D. t P I

@*

First 34 &.1 !1 06 52>5
Second 56 d.4 !-:2 062>5

First *4.1 .1 46
Thirdt anti Yo~trth 36 A43 !a.19 0.409 X.60

Second 56 1.4. ±1:52 029>7
Third and Youtirt 36 f..3 !a.19 029>7

&g~latiration within a given titer value. The differenee

betwn,!n !eeond degre~e and the third-f'ourth degree grouxps

wai the only unt metatisticaily significz.-t. The results

w~ere ccoLetatnt at Mafltour levels of aggLbit.nation

(Table 8). Thi3 peculiar relationship could not be

* - Plained.

S....

A car-relation betwoc., titcr,3 rad degree ot v'p.i.di

injury for 126 hIdto3 patients was not significant

(r - 0.028). A similar correlation for 120 Negro patients L

was 3i;jii'icantly different fro'ai zero (r -0.218 P <.05)

but wa of too low~ An order to be important. This

ýorrela-ulon was also consistent wtdh low tirers of

second dogree and high t~iters or third degree Negro

patients and may have been the result of as yet

987
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00

C0AR.SONS OF COLD H~.AGGU'.XN, N TITERS FOR NEG•0 FW0STRITE2;'•
PATI|T WITA RES 1FCT 20 TITEE LEV AND"-"

KAJ3(DEG.,n 0? INJURY .22

.... Degpree of I Ha~num Degreeo Argo -".

g•glutination of InJur No. IMKodal S. D. t P

First 16 f,.6 !•4.5

First4 3.0 .IL 0.337 >."
.,,.n.d 1,6 2_ _.9_ _! 3+ rz~t 1Z- 7-1' j 1.7 I.- O -.

'+ S,7!ond _h6 o.43 •..!p. 1,.38 >,10 .

1+ First 16 4.6 1. 1.210 >.201ro ),... U036 1.3-4 >.20.-•:

_ 2__•__,:•- 4 ,rd F L,.-.th.1 -.. 6 6 >.2

F irjit 16h I .... C. Is1- r - .2 - " " 6•e Firit 10 • .. oC 0385 ,0 "

S.~ ond 46 4.2 t-.25 3-424 <.001
L-ArO¶ rr.d Fciurtb rl - 5' ' S,•ce'e.d 1:'- 2.9 " . •L, ,-

+~ 3.2446 <.001

j4+ 2.905 <.01• •,]:.-_•_oiti nd F, .rth 53 |0.9 -. 1 I .v, <0•.

unreco_-nized factors rather thtn a distinct relation-

ship biAtwn dcgree of injury and titers. Because of

the lack of correlation in the %lite group and the by

order of correlation in the Negro group, the severity of

¶ p injury was also disraearded in subsequent grouping of

' . . . ....... .
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I*' data for comparisons between frostbite and cotrol group..[1 I 3. Cause or Effect Relationship ;.

II J nother purpose of this stud~y was to prove 0r disprove .....

ithe hypothesis that frostbite develops more readily In

Individuals possessing more potent cold hmagglutinina.

In attempting to establish proof by co•pariso of titers

from frostbite patients with those from an appropriate

control group, an assumption had to be made that events

7 •leading to develpoipent of frostbite itself had no effect,

direct or Indirect, on the cold agglutiniii titers of the

patients. It was hoped that to eutbstantiate this as--

t etmpticn, fortuitous -elczction of aoldlers wvuld have

1 provided a series of results on the raze individual both

before and after frostbite. No such coincidence occurred.

7 Therefore, any inference to be draun on this quwstion had

to be based on a study of titer fluctuations during the

1 first weeks following frostbite.

In Table 9 is A listing of patients (Group I) and their

coded titer valuea obtained at weekly intervals post-inJW.

From vi.ual inspection it is difficult to detect a trend

in change of titers. An analysis was done by determining

the rank order correlation between thu initial titers of

this group with each of the subsequent weekly set of

readings. La the calculations omly ratchod paira of titer

values were used# i.e., if in the fifth week only nine

patients had titers perforued then the nine corresponding,

989
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| T~~~ABUL&TION O7 •Y C~E TITER VALJ3ES FOR 19- -"
'• FRSTBITE PATlDETS UP IO 6 W•X FO3T-IMJUR "

i. Code• ~£~~Titer Values T~lown Inlre ..
;; Grup I Week Week Week Week Week ':

Patin•t.;"s

3 1 3 3 4 52 3 5 4 3 4

25 6 5 6 6-3 3 1 3 4 2

9'1 7 8 7 7 -'

4 . ..... 4 4 3. . ..-
F 7

10 4 4 6 6 5~
%0U 3 4 3 4 2
72 1 3 3 3 4

13 3 4 6 4 -

94 7 a 7 7 -

0 45 6 5

17 6 7 a - -

is 3 3 2141 3
19~ 4 AAW -

values for the first week were used for the correlations

and "t" cnipariaon*. The rho values were converted to

"(r" valu0s and the "rO used in the conparison of titer

means using the "t" test. The results for Group I are

shown in Table 10. Included in the table are sinilAr

analyses for Groups II, III and IV on whcm titers were.

first -obtained during the second, third and fourth weeks

* post-frostbite reepecti.ely. The correlation between

initial and subsequent titers were in all cases highly

significant. The difference in the mean titers were in

4, 990
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TAM Z10

STATISTICAL COPARISONS OF SERIAL PMEA TITERS POR FHDS3TEITE
PATImmT OBTIE mOR 6 C01%CUTI11E WEEKS POST-INJUR

Week Hean Week 1(ean Correlation Comparison
Gro Post-inj Ter Post-in-lur~! dfj rho r P t IP

1 4.3 2 4.5 3610.896 0.903 <.01 1.471 >.10
1 1. ".3 3 4*6 3610.83 0.945 <.01 1.387 >-10

1 I4.1 4 1.9 28 0.815 0.829 <.01 3.438 <.01

114.5 3 4.7 '10j0.055 0.866 f<.01 0.793 >-4O
L kS *.7. 18-1 0~.851 <.01 0.691 >.5

3l L .6 4 _5~ 32 10.583 0.60 <.01 2.516 <.a2-

4 4.5 3 4:5 38 0.-705' 0.722i<.01 0.195 >. so

A1 d-trectton. of an increase over the initial titers in every

instance ..=cept the ccispartson between fourth and sixth

wee~ks in Group IV. The differences were only statistically

significwit 1.1 the comnparisons between the first an orth

weeks post-frostbite in Group I and between the third and

fourth wee!'.,-, in Grolip III.

An analysis of the relation of the weeks past-injury to

titer values was then carried out. The weekly titer values

for the 15 patie~nts tested fotir consecutive weeks post-

injinry w,-re correlatedJ (Table 9). The correlation

(r - 0.1.84) was not siv~ificant.

L4. Constancy of Titers

Innum~erable reports have appe.- :I in the literature

*.attemptirg, to relate cold agllutination to a host of



diseases. No criterion has been established on the

occurrence an constancy of cold agglutinins In normalI

buamns. It may be aassmed that the cold hemagglutinins V/

either remain basically constant, subject to minor

fluctuations,, or they appear wad disappear rapidly Ine

relation to &AzioS Stimuli.A

4

selectod regardleas of race, degree of injury or time Of

Cinitial titer after. injury. The basis of -selection me

the requirement of at least six serial titer values at-

weekly intervals. The first six titers obtainsa1 after

injury' wcr used, -*"d the titers numrbered rA'. grouped

by thn sqaics ame throu~tz six. By gross inspection no

dist~inct or con.34-tent. chrangea could be detected except

for minor fluctoatione c~ae~urate with the accuracy of

the tect, Statistical cc:._ýpirivons of each wtldky group

agaiinst the others3 are show~n in Table n. The corre-

lationd van7'lng from 0.70D9 to 0.S74 were a.11 highly

1'signtricmit.' In only two instances the difference In

menn initial titer were statist~ically significant (secord

vs first and third weeks). Mhe data indicated that no

radical changes In titers occ-urred in this group c~f 60

frostbite jptient.8 subjected to s~jitLar livtng conditions

for at leo..t 6 weses post-injury.

3. Conditions of Exposure

M2e po~sible relAtion of cold henagglutination for cold

99
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I, STATMTCAL OWARISONS OF COECWTIV2 WM=
ML VAL= OF 60 FROTBITEPAM

M1Ia.w Caupered Mean Coreato - BeI Titgj.34-ion P3 '

-s .-- ,t 452 -- 4_.,•.,4- ! . -* -.,, . < . ZM 2. - <-o'l
S&.6 -• .s OA•.~ o.!, >.60

.4 -. , <.5._

... =I-(' 1-917 1 _

t _.& 0V' 1< 00-1 A >.17ý0

0*>0

S- >.10

.46.. . 2.

__ __ _ J12052 =2

Injury nih-ht be ir-dic.Attr byr rorri1ating the cold hfa.'Ag-

Slutlnin titer valuis for frostbite patients with certain

etiologic factors such as: m•tr!u temperature during

cold se-q4*iv'; averz-9 rinde~Ull during cold exposure an

durttUn of the cold erp-:xara. Qataild imathber records

of t." %,-raturni, wind velocity, etc. t-re obtIr,•. tram

, twatbor stations locatc4 across the front lines in Korea.

The pertinent meteorological data were entered on each

Best Available Copy
993
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patient's record. Theminioma tepveruiure me the lowest

vlue recorded during the exposure period for the locals

Aare t2 paliengt hnthrred frostbite. e Do wela hil (for )

vnlues •in a measure of the reloatse cooling effect of

Variofs a MI a pdtits of thelpratM ad Wind vOndeh.Tl

w average windchill ins calculated foi the period and

* popoti of exposure for each iclded. In duration oi

Stoue i s the length of ti me of th e patient met

4.: .- •" . aoosed to cold and lcl urrl l frostbite 0 na.e d it.

The distrs I teirals for the aoed factora awerame in

"rble l2 alon with the rfor e id etive tohe ticrs for White

and itero frostbite patients irrespe ctue of degree of

tIne lro. The eorrelation wae of sero order and conse-

ordra of no valu e as predictors. On of the w c It)
SClWe Intervals (Iees than 700) was too ambiguous to be

S-..Lwudedl In the 'Or* calculaUide. Sic & msubsantial

":'... rtio of the subjects me included In thisI nterval,

• '•" the disetribuation of titers of those patients ezposed7 to

,.an average windchill of less than 700 las cawe with

the distrlbution of those expo-jed to an average wilnd-

. ekUhill reater than ?0U. There was8 no sigcnificant differ-

il o~nce* between these two distributions (Table 13). SimilarU

•. correlations were performed between the titer values for

S," patients with the greatest cold inJury (third degree frost-

Sbit*) accordi•ng to miim tepeqrature and duration of

'• the cold exposure. Tleoee correlations were also of zero

". ~order and consequently eof no valtie as predictors (Table 14•),

* 994
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530U1 OF CORRLLTIONS PZdhO COLDM LUAGTflIM TITER3 FOR 1UIM
AMD UM ThO=h PAM=IT AM) CERTAIN MaUMOIC JFhC1M

- aT~erature. £'Verqe Vi.•chhill Duiration of

_"-3lto -5 0 to 4
- to 2 7 toOt t41 .lto 8fi 3 to 9 125 to 949 0.2 to 120 to 16 M0 to 2074 212.1 to26

27to 23 375 tofln" 26.1 to 2
24*to 37 220 to 2324 2I4.2to48

mite U 0.023 ., 11"1 o.IO

T823

Ylt! DY.5T2'WJITff 07 OMM3V. == AM

4-1Ofl (2d

""7M :11 02 7 9

In theze ard,.yeon e ltasicodbefm etm

the Vatitantsf cold het.g3.utitdi tit.%ru and tei mo

nent• of ;co iftch were p.ae.Lia. respansible for frost-

*"1 902 7 ? .1 .0

bits In eich Lioatjee. This dows not disprore that

prnenesse to frotibite to a f~ctic or the cold bt*Wg

glutinin concentrations but merely points out that c~

99
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CommTonS D T oE fl m 0w = rm UmAGDTNI ma1 7
DaM FMSTPITI PATIEM AM M MD T CAMU M FACIOU

mnamus Temperature ftratiem or

Iftc

I AMs I U 0M4

h0aOlutinetio0 Is probably not sImportant factor ft:4 ~ (3frostbite suseeptibil2ty.
C. Soe kmitrel Ofoqes

1. and i controls

:1~A Iha raips was m.de to'determine the varlabilltr at

sold b Tsutinatiu for the differet more free

duck the It and control population mm derived, emeij
d!ght h,, support troop,, divisisoel suppor troop,

regivnotel support troop@ and infWAntr battalion troops.

"A ditioal malyse were perforred Ins Ach caqpusa

(*. ~betwom Eighth Anq support troope and lnfantu7 divigIst

tIro well as Int0r-diviaiond comprisons were - ,e.

In the first monlpis (Table 15) there were significaut

differences between mean titers at Wite Individual* for

• "the different oam.bAt echelons. mers we a jrogrssi

increave In the insia titars fras the Eighth Arew support

"througLh the various echelons to the Infantry battalion

gi ,

troops* A similar treid was euigeeted Ini 03' ~ers" Vra*,

although the dif ference between the means ins oat sipdfi-liicanto
"oe
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OOWAMM Of3o KA WM HXLD LOWTINN TIT=R pM
R AM R CON~XjM AC00T*DIN To wn cOmBA zQIEU

"" 0

• i Race Owibat Zhe)l. . fonmario3 o- No. .. _teL .. D, 1

om n-, .3• - .0 .57

_ _ I )O.6 .- ,9 <
b__taion --25 a 11.70 <.6

I• ! - Dt~t&Uo• 3'j •.j -+T.o 1.B22 >.oL
'n - -. m -wo A ,- :o- -R er+tint 1. -6i7]~ o.7 <pl>0

r• 8th divw s•a ! Ste•tr-liinlm,,,'e

iRigimentvs A .6

-ttlc - -5A 3-8 1 1.70 1.M7 >.22

+P

, s t~isJed only •itto subjects attncs the zil Wegro pops-

": ! ~lation -- de tL. nultiplp]e breakdown tatisticalty tnade.-

:, !qiate. Th. nesulta 'Tables 16 anM 17) showed hig men

Liters for two divisions, the AOth and 45th. Th. meani's of the &,th Division w.seinifieantly higher than that

111?h of Eihth Amu and all divibw ions ecept, the 1.0th. The

:j j! mead of the latter was theo ainrificatiti hglher than

Eigth fro, the 7th aMn 25th Divisios but not is aun

other case. The means of the rGZAIning divisions did not

differ significantly from one another.

-'I
i! ! 9?



* ~~~OWAR1X*ZS 311115 MR1A ?1S OF VRKCfS
* 7~I ZYAM =M AWM SOM~ MM~ oViii

-- Lr=to molm N. Tier t

Oth Azt-Z ve 1-31 30 . 15
2Mv to# ffvF N .4 z S. 3.961<O

(.0 3. T .I~ 1.6926 1~ .05

H'25th - 2 ~ 1. X2

Lh ~ ~ AL 001 .st~4o

TAWZ 17

MC V14fl R k-ift A OrMMUR

D'lscI C an It

- 11. -

-m 2- 1~~2~ I.kP

_ _x 2Ct
-7th 5- .

mo -42-.gZ1 52.75<0
I.V

1 Lth vs 2211 3.7 1±1.391 __

f I 45t~~~hi -t-1. 1 I 2 110-
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It, was concluded that the 1,432 White control sear

" obtained from soldiers stationed in Korea di• not repr.-

sent'a sample from a homogeneous group. The evidence

suggested that either single or multiple unnimonn factors

tended to modify the titers an& that these factors possi-

bly were related to the combat echelon of the soldiers.

2. C•mp Drake Controls

Further evidence of a climatic influence on cold h -
: L
glutinin titers was suggested by results obtained from

soldiers arriving In Japan frort the United States and
S) i Hawaii. Presumably these soldier3 had been subjected to

Smilder weather conditions than the soldiers stationed in

Korea. No details were obt-aned con:erntrig ta! medical

history of these troops. The ioldiors from Hnwaii had

been there a minim= of 6 months prior to arrival in

Japsn. The mean titer vali.4s tor the White and Negro

groups direct from the United States w-e significantly

higher than those of R'and TI controls (Table 18). The

* White soldiers from Hawaii had a hig.',er mean titer than

amy of the other White groups, We Mongolan 'group from

lHawaii had a higher mean initial titer than did the R and

* R Mongolian group, but the difreresice was not statistically

'significant. A trend of higher Liter valuL• among troops

from .arz.r climates was consistent in all racial groups.

D. Climatic Region of Native State

The, preceding analyses suggested a variation in titers with

respoect to the race and climatic environment of the subjects.

999
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TAMA 28

RACIAL CWAR!SMS WNTV COLD )IDAGLSTfIM !T~
cv a AND I AND CAM MMW COl~ROL CRWS

Control Group . Intiual

Rl41 it.1a !,,-! - -: ---

z 21.%1 3.22 -e.0

Vht'(V.q1v -P . 7 '1.6

_____7R_ 4iii 11.912.740
ST . .IA D 6 1 3.988 <-OM

VYno3ian L1211. .8l' 0ront onl oloan 106 [*t2 1"8

It. mlht be nWarred Otat adaptation to climatic environ-

ment. over a Ion period of Line ren.ted In tbasm.col

bi1maggutinin differencis. 1idenn-9 of a rl tl diate but

pereanent climatic Influc-.c on titers wa sou. by studying

*the incideaice of cold he~:;..-lutinin titers of United States

* ThiVtas arid Negroes acco7rd tim to th -11xAtle region In which

they had lived xost or their lives. Infomiation %as obtainied

from each frostbit, patient as to the state In which he spent

the major part of his life. The states were grouped according

,to Orrls and Fa•.erTs method (1) into fo.r general cli<o t.c

regions on the basis of thes average tdniwA WLersertures for

January, *.s shown below:

Region I, 1es3 tha*i 10P F.
Region 11, 10.10 to 200 F.
Region 111, 20.10 to 390 F.
,egion IV, over 39 ?#.

1000
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Doesuse off Incomplete data t.!: a&aAlses were lIited to

comparisons of 217 White patients representing Regions In,

MrH and 1I, and 109 Negro patients from Regions HI and .

(Table 19). There were no cses from Region L The differ-

mess In titer values for the patients free the different

roglow were wall and statistically not significant. There

wse no eWvdence that the climatic regions in the United States

ftme which the partints originated had a lasting effect on

( ) o i gglut i ten r,.

9 . Frequency Distribution Cevieiai.."ta

From the titer values and tA ndardod*at1 theoretical

normal frequency curves vs5'1 determined (wi•zi orduute

method) for the difforent groups oxf ,abJects. The observed

frequencie's were then coupared with theoretical frequencies .1

by chi squara to detertniz the fit ae *a.-h distribution with

Its thlaratical nor.oa. diotribution (Tablo 20). The deserip-

tion of the fit w'as besad ca tke GVx accordinc tu the inter-

4 preation et-eetned by Culler (12).

TAMS 19

, ACU/I. ýC-f OF W,11•' T=7.•-S FOP. P.OSBT3ITZ PATIM'TS
ACrxAnRD:;" TO OLI"XTIC %;xOU 0? HATMV S)TAT

Clim.atic P,3gion Avg. lVodal
* * Cc . ".r IfHo. I Mtf.r | S. o.i t P

Eve ., 4.+.J.L61.F.. 44....., ... 2 t ---.- 1 >.80
y •1.J 4. 1.7!;2 >.50

____i_- - .Al. >.60

loo1
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The distributions of the R and R control group as a whole#

the Eighth AraW support and the division support frao the R and

It control groups were shown not to be normally distributed

(Table 21). The fit of the hite Camp Drake controls frao the

United States was also poor. It W4s in these groups that one

might expect the greatest heteroaenoitty frca the st-a•dpoint of

theoretical climatic influence on titers. Titers of those

groups in which the greatest homogeneity was anticipated, such

as the frostbite casualties from infantry battalions and the

control group from Hawaii, were normally distributed.

TABLE 21

CHI SQUARE OF THE GOODN7ESS OF FIT FOR COLD HEVAGLUTININ TITER
DIS'TIBUTIONS T0 THE THMEREiTICAL UI0Hi.A1, ON THE POPULATIONS STUDIED

"Cc ison 0to ,rg eoretical No al Distribution

"Race GrouMs Chi Square df I P Fit
Co.ntrol.s_.7 <.001 Unacce.table

ix. t th Arivi~ 23.6'4 .....% UnaccentAble
"" J. _sion 25,23_ 6. <.001 Unacceptable

0 Rr'dnnt .6--66- >.25 Good
,:j 61nto _ a._ >.10 _ edi.-

i State __.612 7 1>05 Poor
I /.• v.-a!i 8.593 8 >.30 Good

Frostbite Patients 2.169 7 .. 90 Superlative
Frostbite Patients

- -f. Od.86_ .....77 >.92 Superlative

P. and R Controls , L, 2 2 .91. 7 >.50 Excellent
0 and R- (Rep.e nnt) 6.34 8 >. -0 Excellent
0 Ca.,; Dhoae (United 3tates)j 4.46 9 >.80 Superlative
;z Frostbite Patients 7.80_,_ Good'-"

Frostbite Patients _ -_____'_

(Inf. Eh.) j.I_6 7 >-70 Sunerlative

Mongolian (Hawaii) 7.438 10 >50 Excellent

Hawaiian 1.240 8 >-99 Superlative

1003
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to. fostblte Orrop vi Control Groups

Sines no consistent differenee in titers -cmld be related

to site or severity of injury, the initial titers of frost-

bite patients were grouped except for a distinction betves.

the races. 1ecause the sampling trom aoes other than hite"

"and United. States Xegro was totally inadequate for analysis,

the other racial groups were not analyzed-'
tThe initial man titer corparlsons are presented in Tablea (

22, 23 and 24 between frostbite patients and different controL-

groups. The comparison between R and R controls and frost-

Webt patients (Table 22) shows a signif icant difference in
the nen titer values at all agýaluh•nation .Avels except 4i

in the White groups. It has been shown that there was Lack

of howgenelty in the R and R control group which appeared

to be re.lted in some way to the combat echelon. A majority

of the frostbite victims (Unite 79.4%, megro 77.50%) came

,rti infAntry battalions uhereas a minority of the control

"group (1..ite 19.2Z, leogo 4,.7%) originated froe this echelon,

Since titer values were highest in Infantry battalion controls, /
it was apparent that biased sampltng could have contributed

2 ••greatly to the significant titer differences between the frost-.

bite and control groups.

In the secorn analysis (Table 23) only Infantry battalion

soldiers of the frostbite group were cc€pared with control

subjects of the correaponding unit. In the Negro control

group, h .sver, there was an inadequate numter of infantry

battalion soldiers so that the regimental support subjects

1004
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TA--- 22

0WARISONS BETW1 FM3STITE A1D R AND R 0O0ntRL STBJECT'
AC0)RDING TO DEGREE OF AGGLUTINATION AND C00MESP0hUING K.AN TIT-

- - I -.-.- -*

Degree of jInitial Standard
Pace hclutinatior Goup .o. Titer_ Deviation t P

1+ Frostbite 126 4.3 3 1.42 6.90 <.001
Contro . 3m 1.55 1

2 ' Frostbite 2.7 11.45 4-517 <.001
_______ Control i!12 2.1 .1.50 .•-.P 351 <.o00-"

Control J&22 1.0 + 1.22 - -

34 Friotbt 1 1. ± 1.30 3597<00-4* "ro.tbto 126 0.5 _0.97 -5.,.>.10
__________ ~r,1 t 3 0.4• ± 0.77"

S1* 7rostbite 120 42.7 ± 1.42 6.084 <.01
_ __pntroj_ j• . 1.66 - ..6

Fotbit.- 120 3.2 ±1.39 . <.001
Ž•q~7. . .jj5. -.....

* 3*' Ftbite 120 1.8 ±11.33 4.1 <.0013 . . ...p 172 1.1 - 1.31 - -

+ Frostbite 120 0.7 - 0.99 2.679 <.01
S .ntrol_ 172 O.A - 0.29 - --

TABLE 23

CWARISOn MSETW-J FIRMSTBITE PATIPJT OF BATTAL.ION LEVE1 AMD
R MID R 0DINMOxLS (W11-rI. CON~TROLS FWA BATTALIONS. MMlf

00M9LS FM! R]DM.6TAL LEELM)

Smean
Degree of Initial Standard -

Rpce • in~tici Grouv Titer Deviation : t P

1+ Frostblte 100 .3 W ± 1.39 2.787 <.01
_ _ ntrol . 5 L3.6 ±1.. 70 '-

2* Frostbite 100 2.7 1 1.43 0.72 >.40
Ccn_, rol 13 .2.5 1.66 -

34 Frostbite 100 1.5 - 1.31 0.329 >.70
4+ nc:tbite OlC0 0.5 10.8 t 1.099 >.20.

I .. .̂ -(' trol. 2,-c 0.6 . .. •. 0.-5..-.

14 Fro;3tbite 93 4.7 ± 1.47 2.391 <.02
Ccntrol - L 4.0 1-.79 ,'-

0 2* Frozitbite 93 3.2 Z 1.43 1.681 >.05
__. ___I_ Centrol 1.2.74____

_ _3+ Frostbite 93 1.8 - 1.34 1.461 >.10
_ _ Control . 1.5 -j 1.110

/+ Frostbite" 93 0.7 ." 1.02 0.467 >.60
Control 112 _ 0.6 ± 1.02 -__-__,

. . . .... .... ...-.- .-.-.: ..:--- ..: ... . . . . . ..... . . ..: • •'::' .".. . .:
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were Inc e~d for the caqrison with Negro battalion trest,

bit. casualties. The titers of the frostbite groups, Ustb

Il1dt. and Negro, were signif1cantly higher than the carol

groups ony at the 1+ as utnation •t o• .

A canparisom also us made between the fristbite gr*w mad

the Camp Drake control group (Table 24).. Use Whte frostbite

patients i4 significantly higher titers at the 14 agglutai

tion level but notatthe 2#, 3* or P. levels. 4%s Negro

frostbite group had lover titers at all agglutitation lewes

with the difference bucw ing significant at the 4+ leeL.
p L .. .

"hroughot tthe 4uvayaes a low incidence of neative, U:2

and 1:4 titters -a, -.oted In the frostbite Sr.-up as oarst r,-

to the control gros;p, IhS distribution of 14 titers or b.e

tv* goups raigh', bt 4escri•~d generally as having the x=4

upper limit (1:256) but witl lower limits differing. Us

kurtosis (measure of flatness) of the frostbite curves s.

B, greater and the distrtbution did not contain as ms• 1w

titers In the frostbite group as did the control group. Thib s

difference in distributions were al3o reflected in the standard

doaevtioni,, %tich were .*anlr (1.3-1.4) for the frostbite

groups, than (1-6-1.7) for the control groups.

To pursue further the aptrent inportance of a difference

in weak titers, an avlJysi2 wee made of the first tube agglu-

tinations. PFhsiolorically, interest should actually center

on the a&Wutinating capcity of sera in the undiluted state

since dilution would most Maly. not be a factor in intra-

vascular av tl, in-t.A.on. CaOParisons were made of distributin-

% . . . . . .
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: of O9 1., 241 3* and 4. first tube agglutinations of frost-

- bite and control groups by chi .square (1+ and 2t aglutina-

tions classified as weak and 3* and IP* agglutinations as

Sstrong). In every instance the distributions differed signi-

i ficantly except for the ccaparison of !Ihite infanrtry battalion

Isoldiers (Table 25). Thos. points which contributed to the

significant eoi square values were also determined. In four

o of the six comparisons therm were significant differences in

( the incidence of 1* first tube agglutinations as the result of

being significantly low in the frostbite grouLp and/or signi-

ficantly high In control group.

ftv'l these analyses it would appear that weak agglutinations

wera less frequent. amog frostbite casualties than would have

been =•tcIpatgd bad the patients and controls represented

Ssep-rIte ample gr•ups frt the same universe. The differences

between frostbite arA control groups were not great, particularly

when consid43mticn is" given to a possible influence of em-iron-

mental conditions on the titers of any one group studied. If

ono conjectures tfiai coid ha~eglutinins contribute to frost-

bite susceptibility the statistical evidence just presented

irAicatod that solaters with titers 1:4 or less were perhaps

more resistant to the effects of cold, namely, frostbite. There

"was no conlistent evidence that '.iter differinces beyond the 1:4.

level had any appreciable bf.aring on frostbite susceptibility.

"G. Thermal Pmplitudes

Thermal amplitude (3) refers to the thermal range in which

the activity of an antibody may be deonstrated. In a limited

-..-.-.. **!007
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IO -. = Q? AGGWTDWATION AM XE WEI XN 71uE

- -habt x *. - - t - - -

2* ontrolLoa 120t4. ±S 142 54 m
30____ 0ontral M2 . 1. 5

Froatbits 326L 0.5 4
____Control V-22 ±.Z 1.6 2.45249.

Froetbite 120 1.5 Z .7 A2 e

Frst*t 30 . -0
- onro1&.4 . 1. 0710>

Pr;.fhita 120 1.8 1-133

Fror bita 1^3 9.7 Z 0.99

TA" 7225

00~~~~P~~kXSON7rr A1TJ'0 WEY~~~3 MO 0?-X~ C.UP5 IN
AC=DwMF48wim -aGTH0/'fl2IM MOM T~UBE MADAT0N

Froatbite L26 0 4 3 51. 38 029 .

-Fromcb-ite (Inz'.Bn. IcO' 0 412
~ A nd R Control j j 9.355 >-05

Frost~bite 1160 I 33 51 38

Ca=p Drake . 12,210 <.02
(Fre'in L-tr.d~t~tri) 44~2 4 &595 0168

Fro'stbite im0 19 9152 r 6'.cY01

Fr'Li~(Irf.73n.) 93 0 0 15 37 41 - -

R a~ idt Control -~13.057 <.02

Fr~~e - 1420 02 0 9 49% 52

C.P Drake 21 011 95 13.698 <,.01
ra ntdSts 60 0 2 - -
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StU17 of themaL amplitudes of cold hmgglutinins, sera

1R and R .controls with titers of 1:64. or higher wer, selected

as those Most likely to show the highest thermal amplitudes.

After 16 houars of refrigeration and initial readings of the

aD1  tuibes in the 0* C. walk-in refrigerator, the titration six-

Ji ~tureo were placed im&iediately in another walk-in refrigerator

it
-)0 C..o ii=o 6hur n h ieste e

. read. InGroup I the titretion mixtures after being re-

frigerated nMrad at 0* C.twere rewarmed by exposure to

asm twose atot Co-aprxaely t3 houos tin ordeterma amtodeerse

£ther6 h,-Ititon3rs of so r =igertues rewarmedand readunspoented

by0" i, or n weve again I~416 y h refind tfor 16 hour,

&M reread at 100 0 In Group I the titer tubes after being
.efrirateztl )nd read ware trnsfwerrer directly fre m 0* to

(I' * i re t~eperatu'¢o ro'appro42ate37 3 hrsnodet reverse

10' U. elminnatirg th.t eci.a-aing pbase. In both groups the

I'-- ' ,100 ,ter values were .on.qIstentLv w.-wr with the differences

* betr.g atatintiCally sigeificet at all a ~glutination levels

(Tables 26, 27). The co-relation between the 0' and 10' titer

was not. significant at the 1+ aalutination level. *Greater

decrease in the 10* titer valuej was appar-nt when rewamting

wr•. permitted between the 00 and 10' refrigeration periods.

Ar.ayses in Table 28 show ccmparisons between the initial

*-titer ialue for Groups I and II prior to transfer. The dif-

".fere.c• in the means did not exceed 0.4 tubes in the 00 C.

trst3 wi th the only sl,.-nificanL dirrerence being at the l1

.LiliFr.•?tilon I vel. The difference between the two groups

S !s• !reater in the 10' C. Lents and highly sinificant at

.... - .................. .. ... .*..... . -.....-- ,-,- :.-'-,.--...-.~:; -.. , -.. ,.....-.'.."-.''.--
.................-..
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4 I5 U 11 4AI A~Y1:4 WU 32

6 JSi 1:6. lt 6A, 1:.4S 1W16

7: ' '3 :=18 It 7 is 13:16

a 1012 Itrs ,It=Ws6

* Spl Ra9a 10I2 afte 9apl b1 da 1Ise

.0 1:i5 1: 02 1:12 1:16

, 1:120 d126I7 1:64 1:8 2 141M1 1:16
13I 1:164 IoRsrin J3IUI
1i 1:129 1:1 14 1t6t 1:8•

1:1-8 1:2 15 1:12 1:16
1 :6k 1:2 16 1i61 It:8

1? " 1:2 17 1:1.s2 1:8
18 1:6 1:2 18 1:641 1:16
19 1:64 01is 1s6

o 12061:12 2 :16
2 t4 1:4 21 1:64 W:2

1:128 1:2 22 1:64 1:16
23 1:6, 1:, 23 I•:IS :.-
24 1:14 1:4 24 1:6. W1:16

23 1:28 Is 25 1it" 1:16
26 1:6 1:4 .26 1: 1:16
27 1.6 1:2 2? 1:61. 1:32

28 1:64 11.4 28 1:64 I1
29 1:64 1:2
30 1:4 1:0
"31 1:128 1:2
32 1:128 1:2
3) 1:6*, 1:2
34 1:14 1:1

. . 35 1:128 1:2

37 1:64 1:4
"" 38 1:6-. W:2" " • 39 1.128 1.4l &

,lo
100)
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CMPKeIiwm; 00WMT AflGHD LUTflIM
TITERS READ AT 00 AND 100 C.

Degree of Reading Hean
GrupAlutinat!o Tepratur flo. Titer S. D. t P

00 C

1+ 00 C. 29 6.3 109 24-8301 <.001 0.107

I&C. 28 1.7 10.90

_ 00_ C_ 39 4.7 v 0.88_

______NO C00., 9 0.8 1-2 .2 6.79<.001 -

0° C. 39 3.2 Z 0.19
__ _ 10°C. lop 39 0.0 - 70.00 3 1:0 00 C. 391 1.8 1 1 .03i .o

4* 100 C. 39 0.0 2C. 1122 .0 -00 • ,• C. 2 3 6:3 0:4 o. 3 -• n S <.001 0.2 07

S2-0 0 C. 28 4.o7 - 0.Oo 0 8.4•08 .0
______ 

100 C. 28 2.5 -01.09 
<.001 

.

'TABLE 
28

CQPARIS0?SN BE ?IF'•J COLD FHi" !A0LUTIUIHI TITk• READ AT
• O° A ID 100 C. AC2)RDI!JG TO D-R8 OF AGGLUT1UATION

! Reading I ecree or t gean

T e 'p raurd A -• .u t ir'•t ion • ,' !o. Titer S . Ii. . P

.|2 . 3+ 7 39 • .1036 <.005
'390 C 2 1-a

• I ~394. 17 iZO.88 '

!, 2* _ _ 2•lt. 1• O - 0.261 >. 70)

; o 0 39i 3.2 .Z.0o.9,

; • zI 3_91 .8 I-.1.o3'
°+_ o o_ 

_ 
I I 2 8 2 .2 _ * c '.0 4 1 . 3 9 4 > .1 0

SA .I 39,1 .5 I- o.90l1.81 <.001

2 IOPO IC 28 0 ..5 0 .71 7

00~~~~~ 0.0 10P7 C.<.001 O X-OFAGUTNTO

1 # " ° :1 3 9 0 . 0 1 0 .9o4 I0 o.

'_ _ __-_ _ 1 28 .o ± o.3i ,7
2l 0. O . o

3+ ± ,9114>1 11 28 3.
1 391 1 1 1.0

•~ ~ ~ ~ ~ ~~~~~~~4 11" M, 2.2 ±,*.- ".! ".;;',".''" ""'-t"' '"'. ",' , 1"39," X10 "

;V~~~A 1, 90''.i '.' ",'.l "- . '< "•",",' ." ", . 00.1:" -• . .. ...' ."



anl awuit'n~at3 l5WoL%

These stu dies Indi~catedJ that Us. agglgMnati-tc onmed, at

iP C. were more stable Iim the titratlm mixt~ures we" trans-

tarred directly to A d .m£eutAbu emma

tb*t4& the subsequmo readings tire sipiflcantly 2ower. Mhe

aggutin~ations iddc developed at I& C. fvU~oeIMg rearzming,

however, were wasker ~ve tbouh sort vth a good bemagginti-

nating potential (1:64) had been selects4 for the'test. Mwe

ralative tvsaloesmi of ag?)1U~nation In the latter instance ts

better illustrat#A b7 anabees of the st~rangths of first tube

aggutivation-4 (Table 29). The distributions of first tub.

readings1 AP d' C. of the b". prs were closely similar.

Ugh1dy iignlfratoi differows werse vident In campari~so to

Id* c. resdings in that such weaker first tube agglutimations

war* preseist In tbow CroVpI sera*

MUI7PARTS0113 =8E F Got ICIW MM kTA0rrrr ?I a AT

AMD 100 C. T?; ACCODANCE ifI' FIRS? WJ3 A(UDTXATION

Reading j a !.'twit on Ch
Tur . ratlare Orono~ H-..1. ;i'e'. 1+ 2+ 3+ 4# mr

J____ I 28 0 2A-C 725 <.8>00

Iv. DISCUSSI0?14

The incidence 6~f cold h.AznqF.utinati0Y found In this investi-

gatkon pointed to the dejirabilitY of seekWi.j criteria for din-

zingmishing, if paosible, betweea cold honae-1utWni thich Occurs As



a natural phenomenon and that which results trom pathological alter-

ation. Rosenthal and Corten (3) attempted such a differentiation ard

suggested that. pathologic cold hemagglutinin represents something beyond

a mere increase in amount of normal cold hemagglutinin. Stats and

Wasserman (3) in roviewing this question, hovever, concluded that 'except

for ' general tendency to higher titers and broader thermal amplitudes

af the cold hemagglutinin in pathologic sera, -there is no damonstrable

difference between such cold ag.zlutinins and those in normal serae.

Race is perhap- the most uistinct characteristic influencing cold

hemagglutination Liter expectation in any individual. The conclusi-x :

that cold harczaglutinin titers were higher in Negro than in White indi-

viduals was indica'.ed by Weiner (1). Petean, Moran and Ress (13)

had prn:vioousy fo,3.Id unexpectedly hip;. cold hearglutinin levels among

/iativr Ke•anesian. of a South Pacific is'-nd. They sugested that this

finding might have been due either to scme disease endm-ic in the area

or to a racial characteristic.

The suggest ;.on of Stats And a3sernar (3) se=s reasonable that,

the preenee of cn.d hemaplutinins, pathologic with respect to t.heir

cause, would best be Judged byf dmonstration of radical chagn- in titer

frem that usually observed in the individual. Such a critcrion would

assume that cold h.-agglutinin titers narna1ly r tain fairly conrtant

in each individual. No reports could be found in the literature re-

gard-ing the constancy of Liters. The statements reported here regarding

this question aro in agreenent -4th the cp-ýrience 4hrou,-haut th- investi-

gation that titers re=ained renarkably constant.

Kreyberg (14) refers to can as the "tropical anirj.l" because of

his preference for warm enrlrorr.ent arc! his difficulty in adapting to

1013
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cold. In comparing man'sa vascular- reaction to prolonge coaling with.

the reactions of certain other animal types he stattess S~h. cold-

blooded frog# adapted to stand low temperatureu as a part of its normal

life W;ll ahow small changes and slight reactions. 1am. ... will

show violent reactions to exposure to cold, and th, rabbt,, fur-cated

aid used to cold and we. proundi, shows a reaction of intermediate

It maybemore than cotnctdent~al that theme is an analogous

relationship between cold h ag1'atination tendencies of frogs (which()

$ apparently have not been~ atirlied),, rabbits %fhich have ci24 boug-

glutinizis In at least somnn InsLincis (3) and ma:1 who has & comparatively

strong cold hemaWglUtrAtine. terdency. 1he normil occurrence of cold

hen.agvtutinilns would hi tnconWiAbli w~ ith the existence of the frog as

a cold-blooded* animal, wihoreas it to ecaratible with matus beln&

* 'wwarmi-bloodedw. Therefora, in an Iutvestigation of the relationship

betmeen frostbite and cold h.r'4 ilutbirumtin In healthy Individuals,

Interest centers on the pos'iibiIliLy that n'r~Afl1y occurring cold haia~g-

gl'stlnins, usually compatible %itth g~ood hualth in the individual, 71ght

asswae Vithological importance '4hen the intlividual's envireguent, is 7
chang~ed to one of extreme cold.

The effect of envirai~icnt, on cold hcaeg1utinatlon wes In part

answered by the comparison of mnan titers of subjects between combat

I | | I

echelons and Infantry divisionn and diratlon of time the iwilividuals

he- been stationed in K~orea. Ibhts analo7 was sur~ested b7 the fact

that the 40th and 4.5th Divisions were the nCwest to the Korean theater

(having arrived in December and January), while the Eighth ArAW rop

bW been in Korea the longest (sincO thef were rotated the slowest).

,. A
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t If her-wa

If tereasa rlatonsip etwen oldhemagglutination tit;ers and

duration ofduyiKoescareainhpwudhvbennes,

that is, the longer the stay in Korea, the lower the titer. Thi was

found to be true (Tables 15, 16, 17).

A theory may be proposed that repeated exposures to cold weather

might over a period of time have caused absorption and destruction of

cold henagglutinin and resulted in a minor reduction of titer in eactiL

Individual exposed. If similar reductions were to occur in all indi-

viduals of a group the difference would beccame significant. I4 slight

rise in titer then would be expected with a return 9f warm weather or

removal of the individual to a warmer enviromvent. In this way, climatic

conditions might act as a factor in thn control of equilibriium between i

prod -iction and destruction of cold heragglutin~in.

Two ways in which tissue may becomie dainaged as a result or

exposure to cold are recognized (14). First, there is probably a direct

* injury to the tissues from extreme cold suffiCient to kill the Cells.

Secondly, a vascular reaction %constriction) may cause further ar~d fatal

(injury to Cells, in instances d4here t~he severity of cooling per se was

± not sufficient to cause irreparable dam,;ae. A patho.-enctic effect of

cold hemagglutinins would be associated with~ the Vascular reaction. The

issue of their importance In any case or cold injury would clearly be

dependent en the relationship between extent of local cooling and thermal -

amplitudes of the individualts cold hemi~glutinins.

One of the characteriStics re~arding cold hFm=&;Zlutination among

apparently healthy individ=13l reported by same authors is that, of wide

thermal amplitude extending to roem temperat.ure (3). Of over 11,000

blood samples tested durin,, this Invr'sti.iaatiofl, however, no sera were

. . . .. . . . . . . . . .. . . . . . . . . . .
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encountered wtich were capable either of autooglutination or of

aglutinating Croap 0 erythrocytes at ro temperature, even though

titers at OP C. ranged as high as 1:2D48 and one titer wa 1:9192.

Tbe majority of these sera were obtained from healthy troops and the

only disasse with appreciable Incidence was frostbite.

Stats and Vassemn (3) cited' the following conflicting vim of

different authors regarding thermal amplitudes of cold hmagglutinnns L

In hUM .,

1) Nino and Kettel believed that thermal amplitudes are

related and approx1ate]y proportional to titers.

2) Hirszfeld 3tated that thermal amplitude Is not only a

question of the titer but of the affinity of the normal

antibodies.

3) Thompsen :kCreed wi th Hirssfeld in the belief' that thermal

ezpoeAmplitude t1 o wonstitution . characteristic.and by

Itself of Y" pat.holog~ical six.aftcanee. ""

In the studies of thermal a=plituiev in the present report ithat

was found that even the more potent d noztal" cold hea10C lut.T is bad a w

relatively narrow themal amplitude, Sera capable of aglutition tohic
a dilution of 1:64 or higher all, 0° C. aggutinated onl weakly when "•

exposed to Ids C. for 16 hours. It was found, hoever, that if the --

temperature of titrations with strong colt;" a;glutination formed at"."

OR C. was raised to 100 C. a stronger a~lutination persisted than that.-..

Santicipated if the aeglutiration develope-d at l0e C. Whs finding was

] in keepi-ng-. with the results obtained bt LCloujh and Ric.hter (15) frm•::,

1 ~studies of a cold her=Ml1utinin with hIgh therm:al amplitude, in S.Lh :c:h.

Sthe authors showed that aelutination pe.rsi3ted at a t=perature higher

SA
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than was necessary for its initiation. A practical implication of this,

finding Is that if frostbitten parts are allowed to roewrs too groduafl~y,

circulatory stasis might be prolonged by persistence of intravascular

cold hemagglutination, at least in those individuals with more potent

- . cold heagglutinins.

Lake (16) studied the effect of low temperature on tissue cul-

tures and concluded that the survival time cf tissues was shorter at a

( ~temperature in which aniabolic processes were redured to a greater degree

than catabolic processes. He found temperatures of appronimatelT 150.

moot injurious. lake assumed that at higher temperatures the anabolic

and catabolic proces: -to were more nearly parallel while at lover tamper-

atizrcs both processes were brought to a standstill. It is conceivable,

therefore, that rowarming, frostbitten 1.ssues sufficiently to creatteta

disparity between anabolic and catabolic processes but not enough to

reverse cold hemz .'rzutination and re-establish circulation may subject

the part to greater damage than if the tissues were reuarmtx -apidly to

* norral temperature.

(Cold heragglutination may play a peart in the pathophysiology-of

human frostbite because it seerns Inevitable that intr:%vascular cold

hemagglutinatioaa occu~rs in most cases if the tissues become cold enough

for-.a long enouigh period of tine. Further studies are necessary to

ýelucidate the relationship of Itemperatitre and exposure time to cold

hem~luinaio. I th pesent investir tion emphasis was placed on

hema~~~~~ .uiain Intep

the importance of cold agglutination durine. tho cold exposure period

*rather than the rpa-rmin& phaze of frostbite. Because of the apparent

difference between' cooling and rewarm~ng thresholdz of col d hemag-

giUtin.1,Uo. it 1raY be that m~ore attention shou14 be g iven to the

%o V - %
; • ;.-..+-
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rlatitlons of rapidity ore.tw ng with cold huagglutination t1-te

and v1erIty of InJU7. Accurate neasurement of rapidity of re••"-ng

of'eases in this series 10 an inpossibility.

he analysis suggested the possibility that individuals Ath low

titers or absence of cold banagglutinins zay have had resistance to

frostbite, bet ther2 was no demonstrable relationsLip between titers

found in frostbite patients and degree of expqosure necessary to pro-

due@ lesions or to the severity of injuz7 incurred.

v. •O~?ifASIOKgS 4 ...-

1. Idts study indicated a hig~h Incidence of cold hwnaalutinins

in normal soldiers. The main factor contributing to rjiis -

khlA incidence was believed to be careful control of re-

frIgoration and reading temperature during conduct of the

tests.

2. There was a racial difference in. cold henagglutinating S.1.

tendencies. The United States ffegroet had significantly

higher titers than Whites, The Mongolians had much higher

titers than either uhites or Negroes.

3. Repeated e;;osures of post-frostbite patients to cold had

no appreclable effect on the'r existing cold %zaghglutinin

titrs".

4. d, o relationship ws denonstrated between the cold heuag-

,lutini.n titers and the anatanical site of frostbite. There

was no evidence of alteration of cold herAgglutination by

frostbite.

5.There was ro relationchip beti.teen cold henagtjlutinin titer

values of frostbite patients and minimum tc-perature during

I .. . . . .. . .-
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S exposure, average windchil during exposure or duration of

exposure. Likewise, the differences between titer values

for patients with a rnaxdmugg injury of third degree and

* •

minimum temperature during exposure or duration of exposure

wore not significant. The analyses of the data indicated

that cold hemagglutination was probably not of overwhelming

Importance in the pathogcnesis of frontbite. ..

6. Analysis Indicated th~t climatic environment might have a

( significant niodifying effect on cold heimagglutinin titers.

A theory was proposed that when an individual is exposed to

* cold weather for weeks or months a reduction in titer might

occur~ as a'result of an increased rate Of destruction of

* cold? agglutinin. Data relative to native clIvatic regionsi

indicated a lack of permanent alteration of cold agg).utinins

by environment.

7.it was postulated that only the few individuals having titers ,

of 1:4 or less mirht have a resistance to frostbite as sug--

gested by a trend of low incidence of such low titers among

cold injured subjects.

S. Studies indicated that potent "normal" cold heuagglutinins

had narrow thermal amplitudes. The re-warming thermal ampli-

tudes were, however, higher than the cooling ae plitudes. This

disparity in cold heaigglutination was discussed aith respect_

to the rewirning phase of frostbite, i.e. the advisability of

rapid rewarming.

9. In this study the degree of cold he•agglutination had no

practical value in clahsification or prognosis of frostbite.

Nag "R

6. Aal~ss inicatd tht clmatc enlrorent ighthavea - ,•,:-'

i ( sifl t idi _g e ct o €ol ut e. i::L'i
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i Ti SlIMMCAN OF Slac UM

IN XWRO MOMTEI CASUALflI

* .Sickiling, an Inherited abnormality of erythrocytes peculiar

* to individuals of Negro ancestry has an estiaated incIdence of 9.0%

among Negroes In the Vnited States (1). Sickle cell Mega is a

well rcogdnised disease entity dependent on a severe degree of eryth-

Srocyte sickling. Sickle ceU trait, a characteristic In hitch the

IndividuAl's erythrocytes have by contrast a weakgr alckling

tendency, In of debatable clinical iLportance (1,2). It is pro-

1 bable, however, that the trait ts'u•ually catisble with good health

* I, and long life (1,2).

The earlier corcepts of the relatioship between sickle cell

.1 ;anecia and sickle cell trait assized a mergig at the two ooudtitions.

Such grcadatons of severity would make difficult a difforentiation

:.botmean eit-ies manifested by an interte4iats sickling tendency (2).

SI PSubequant investigation (Table 1) concerrdni the nature of Jiherit-
auc (34*,•,6)o the he.-globin abnormtaity characterizing the sickle
conl (7,8,9) and the thresho2d for sicklinr as dependent on the

extent of henoglobin reduction (10,11,12) have Asdicated there US

ordinarily a sharp difference between the degmre eo erythrocyte

I abnormality in sickle cell anemia and sickle cellt~rait. Thiu cor-
SI respoms with the usual clinizcal experience that the two conditions

ame readily differentiated. Evidence that there aight be occasional

Negroes with Intermediate sickling tendency has been presented, bow-

" C' .~ever, by Wel).s anAd Itano (9) who found electropheretic patterns

1024
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indicating hemoglobin abnoamality of intermediate degree la certain1 - individuals with relatively mild sickle con.l anemia.

TASI

RzEVIW OF DIFFEr fCES BEfdM SICUEZ CELL RYTHROCYTE
IN SICKLE CELL ANEIA AND IN SICKLE CELL TRAIT

7 1Sickle Cell Sickle Cell
Factor Abnorality Aneria Trait Biblioorphy

aGne for

SIhheritanci •Sickling Homozygous Heterozygohs (3) 0

Content of ()9
?.ryt-hrocytes

* 6 inwerei
, Oxgen Above Below

Tension Nee- 45m. Ha. 19. J~g. (10), (U)
essary for

clSickling
"( " •Thres-hold

,Proportion
,. of Rrythro-

P. cytes Sickled 3 - 60 0- 1% (n)
'" -in Venous

Blood

* The estirates of the proportten of Nlegroes with positivi

"sickling reaction having sickle cell anemia vary widely (1). The

"" ratios of l:4O supgosted by _g.-t, Ah.--.n ar Bibb (13) and 1:50

found by SydenstrIcker (14) agree with that of 1:4 predicted by

Neel (5,6) on the basis of his theory of Vhheritance of the sickle

cell.

Despite the paucity of evidence favoring a pathologic signifi-

cance of sickle cell trait, the studies to be reported here were

-... .-..... f%' 2.2.
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i la~~~Usd on the assumption that lIntravasc..,,ulr sickl~tng xW have,!.O

Sbearing on deyolopw~nt of frostbilte In Xegossoes patiulrl ln'vew

.of suspected grater frostbite sueptibility o aoes a cas-

pared to Whites (13). The investigation wadirete toma dm.- .

Soestrablo Influence of sickle call trait an the or e 5.:

S~frostbite, the sevrity of lesions incurred and on tho healing of -

third doegse ulcers.

A n Incidental Analysis was concerne with the relationship _

!p

I"

I bsten cold he ass lutination And sickla trait.

|Of 2 Negr ptients treated for frostbite at Ooaas Army

• i • Pospit.al during tho wrinter 1951-52, 1119 wore evaluated with respect .
pae to sc iin (. S(ck5. preparation we• re d by aw of sm fol-

lov ing nithodsf

frotbte1) Ot e drop of venons blood wsn ied s do" t-hem aglau o

:sIdo ard m coverap rined wih potrotatha e r

II".
2)A inuid erta banadsi was p acedrned awith the remLtienaround

btthe proxolal portion of the fingr for 5 asicis Int.
.. order to produce venous stLDs. The disal Sd of the

opfuinger was then punctured and a drop of vaa d wt

sickling.seleod under a e overati p AS In the previou thfoX-

ladal meehhod

S)OThe preparati (which were not sterile) were kept between

i230 to 370 C. And wtmied for characteristic sickle calls at Inter--vals during thee onav' 72 hours using low Andh phtgohpowr oar-fi-

thcations.to o h fnerttS*utsi

1026 . . .. . . . . . ...
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* The patients' clinical records provided information el to

the past clinical history, severity of injury and healing time of

third degree frostbite lesions. The laboratory records included .

blood counts and cold hemagg1utinationz tests. The cld hemag-

glutination tests were done by a modified method described in,

Section 1111 of this combined report.

III. •ESULTS

. Eighteen of the 179 Negroes tested had.positive sickling

tests, an incidence of 10.1$. The blood counts of all eighteen

individuals i.rith positive tests were normal and none had a past

clinicali Mitory o01 symptoms suggestive of sickle cell anemiA.

Consequently, they were regarded as having sickle cell trait.

The incidence of 10.1% wui caipared (Taule 2) with the n~i--

dence of sickling in Negroes of the United States reported by

IMar.olies (1), who combined results of 28 reported series, co.'

prising 22,170 Ne,.oe. tested in various parts of the country, to

arrive at the figure 9.0%. A ccruparison (Table 2) was also made

with rotsults reported by Ellenhorn and Weiner (16) from 66 frost--

bitten soldiers and 346 uninjured troops studied during winter

maneuvers at Canp Drum, New York between 6 January and 23 February

1952. The statistical analyses showed that incidence oa erythrocyte

sickling in the present study did not differ significantly from

either cont.rol or frostbite groups reported by the above authors.

The distribution of positive and negative sickling tests of

patients with each of the four degrees of injury in ahown in Table 3.

The chi square test of these dlstributions (0.596, P >.X) indicated

%o. ..... - .

_ . . . 4 . . • • • • • • • . . • . . o . . .% . - % o .- • % % % - o % • .,



o--"

- I ' .

7 r

an even I-cideAce of sickle coU trait Ioq pati.s width dif-

ferent doge.e of Injury.

* S TAM 2 2

OMPAMRISON = SICKLING DiCnacc - 1m mm
OSTI PATIENTS AND SICKING 33CI C(CS AMSt MM IN MHTI-• • I TIVE MUMI • :

Ser..es_ [M'bllo,',rach7_. rcstO4 ipositivo I ccprs

i awith 199--er
Ng .. rostbite 7 iero C)rost-

t ,Negro Population"

Negro Frostbite
Patients (16) 66 3A.6 D.630 >.3

Canp Dr1m, 1952

Uninjurett Uioroes
CaLp Drum (16) 346 36 20 015 >09-"
1951-52

C o.biAe4 Results of 28 Reported Series b• Different I•ato•r.

TAKE 3

ANALYI OF SICKLDIG MCM.•, AC.R:• 179 MM F .'-
PATE.'rS ACC02•3D TO DMRZ3 OF HAXD4IM M5*'-

Sicklin Total r,-ree X it•La
* Test Cases Sq aw P?

-T 2 -0 40A~iI , . •, ,, - -

Positive O.Y9 >.70

,• ll111Dtivel 179 1 7?2 1

- "

I-

." ;/



- ...-. :-

In a comparison between the healing times of third degree

sliaso of 4".groao th z' Us cc'-" tUlt ' '

sickling teuts, data were available for 51 Negro patients negative

"- -* for sickling but for only five patients with sickle cell trait.

The average time of healing was greater in the positive group

(75 days. S.D. ±-34.2 days) then in the negative group (53 days,

S.D. •4-.3 days) tut the difference was not statistically signifi-

cant in this limited sanpl. (t - 1.407, P >.I).

"A eomparison cl.: wa:; made of the cold henaggttintn Liters

of eight patients with sickle cell trait and 99 patients with r.cga-

tive *IcklIng tests (Table 4). The coded cold hemagglutiniu titer

values of the group ,Ath sickle cell trait (5-. -4..65) were 5omewh.at

higher than the regative group (4.7 --l.JO) tut again the difference

was not statistically significant hl this lixited study group

(t - 0.658. P >.50).

TAELT, 4.

COFYPARISON BiDEVEM COL) HIL2-AGUT.ININ T17k~ OF 83 SICKLING
POSITIVE A.'.'. 99 SICKLING NEGATIVE FROSTBITE PAT-I•.TS

& old Hen rpylti'.iin Titer ard C-ded Value

Sickling .,

____�11)Lt1_ 0J (_) (7) 8,' ()"

Positive 0 0

otive 0 10 I L 4 L ,-'

oC'. C- *

." •." ".-.... .. . .... I " ."".
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Interest in the pathogenetic possibilities of the sil Meon

trait was directed to three phases of frostbite Inju•r7 the Vari• d

preceding onst of Wn W; the period following rwazftg darIng

whith definitive los.=s were establIshed and the period of healing"

* Any deleterious effect of tickling trait wld be bypotbetically

Sbased o. local vascular stal.3 and occlnsion anrposus to that re-

sponsiblo for uma of the protean manifsotationa of sicklepoen ansmia.

I TheM weakniess of sickling tendency in sickle cell trait. bowsvers Is (
__e 21P~ting factor of the trait being an important clinical entity, .

U-

eoven undr cctrmas cirewatances which predispose to intravaseular L.

sicklng o

Sher•n (11) verified the findings of Haýn and Ci1lispie (10)

that sickl~ing 9- siuzeeptible cells In a sealed preparation Is s-

celerated not only by an inere-eed eftcontrAtIon of laukocytes or

8! b7 bacterial conzta•nation bat also by temperatu•e elevation. The"e

studies e*hdo•;d, furthermore, that at temperatures 25" C. or lower,

sicklin. does not occur in sterile preparations from individuals withi sicklde cell trait. This inhibiting action Of lowering t~emperature

1 3*7 ontweigh any anoismic -iffect from vasoconetrictive response In

Sman eiposed mlb during the development of frostbite. In view of 1L_

thes facts alone, the nomal inctdence of sickling trait ans frost-

bite patients, a result which failed to indicate an tUportance of

the trait, was not surprising. It appears that the role of sickle

Scall trait in the pathogenesis of frostbite was not an important one. 4I

If intravascular sickling were a factor during the phase of

injury inmediately following rewaring, sickling positive Negroes

1030
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*should have been predisposed to develoPment Of the more severe In-

Juries. The absence of bias in favor of more severe lesions .wAons ..-

the 18 patients with sickle cell trait implied a lack of importance

of sickling in frostbite. lesions during the poat-rbwarmnina phase of

InJu17.

The selection of third degree injuries for an analosis re-

gardlng healing time was based mainly on the occurrence of ulcers 0

and the rather definite criteria for ditermining healing time

(a coeplata re-epithelization of ulcers). The healing phase of

" third detTso lesions extend3 well beyond the period of the swam

dry limb" into the period of vasomotor instability associated in

soot cases with a *cold- hperhidlrotic l~zbP, a chanre '4dch usually

starts &;prwxirate.1 &.waesk after injury. T1=39 circulatory dis-

tarbance in lrdividuals ~-At1 aickcla cell trait aighit conceivably

beo pan±'-d by -. fficient anozc-:z.a W predispose the involvod

tissues to ntn'avasc¢'lar nickline and more sever" circulato "tasis.."

Shch a chain of e-'ent2 aigbt be reflected in demonatrable impairment

j of healing. Wy analyses tho averag-3 healing ti•e of third degree

lesions waesloe~o'r for five Ne,~roets with sickle cell trait than for

51 patients with ncgati've vicklii+g testa, tht the difference was

not stat.isticall-y sigmificant. Conclusion3 Must be reserved in tjd.a

study becauae of the Inadequacy of samplLng of the group with sickle

cell trait.

"+ lc-Secrtey# Mermn and Waey (17) me comparative studies of -

the incieVnce of cold h&.tagglutinlns In 30 patients with sickle cell

anemia and 30 healthy Regro subjects. The titers may 'ave been higher

.. . .. . .-.77 -...

-'I.t

S + ::i!3 .'-. .



S/" /

-. -:4"--• -- '

In the forser group, but the tesults were difficult to assess because 0

of the lack of detailed information. Schneider and Levin (18) search-

ed for auto-agglutinin in studies of sicklin; positive individuals

using saline and bovine albumin diluents and Coomabe antiserum. These

tests ware done at 38" C. Reactions were consistently strongly posl-

tive In the group with sickle cell anemia and only weakly positive

In ein of the individuals with sickle cell trait, The results in-

plied the presence in patients with sickle cell anemia of auto-

agglutinin (active at 380 C.) which was presnt also, 'out to a much

weaker extent, in some individuals with sickle cell trait. .9

The present investigation' regarding the rilative cold hnag- O

glutinatl-4 tendenclos of eight frostbite patients with sickle cell

trait and 99 Negro patients negative for sickling must be regarded

as Inconclusive because or the inadequate sample in the former group.

V. CO=?CLUSIONS

1. The incidence of 18 po•itive sickling tests among 179 Negro

frostbite patients (10%) did not differ significantly from

the expected incidence in an average United States Negro

population.

2. On the basis of histories, clinical evaluations and blood

conts, the 18 individuals with positive tests were all

diagnosed as having sickle cell trait in contradistinction

to sickle cell anemia.

3. There was no demonnstrable relationship between sickling

trait and severity of cold injury.

4. The average healing time of third degree lesions was longer

1032
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for five patients with positive sickling than for 51 Negro

patients with negative sickling tests although- the dif-

ference was not statistically significant. The possibility p

of izitravascular sickling causing retardation of ulcer

bealing could not be established, because of the lUmited

"sape of sickle ceol positive individuals with third de-

gree Injury.

5. The c~old hemar~lutinin tUters of eight patients with sickle

c.U trait were not significantly higher than thosa of 9

individuals negative for sickling.
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I. ~ ~ ~ ( MNmCIE O STh11M PATTDITS

A sumWv of the protein levels of fasting blood am~ aod

Veuicular fluids of frostbite patients at Osaka *An NospW male

mad. during the winter of 1951-52.

It was of interest to study the soruM protein lere~s of these

patients, because there is evidence to oho that d.plet. .of bo-

Protein leads t~o prolon~ged convales04rcnc, poor. wodhe ada

increase In cawpl.Icstions after su1rgery.. ftUock s aidNlpoen (1)

suor. ari?.ing the literature for tho Ccmitteo on Vioeraputic htrition

Of the Kati-lcI?XI~rear- C'Iuneil 3tated that: *protein metabsiken

may be increase after Injury. Th* soldier . .-.b been vow- d

severely enoueh to require nor-) thv" 10 days hoopitalizatim WiL. ro--

qwire larger wwmt of protein than Is 3upplied by routine diets.

The -u-inary nitrcleti losses frua the Injury resr'ons my be very high

aiM~ the negativeo ni tro'gea blance, even in Uih, abeenee of mossiv.2j'

C high excretion, can be accentuatecd by bed r .Their report, aft

wonl as, studies trl Sincliair (2) and Yottman5, At al (3) inficated that

sor=m protein cocneram.tion Is not a very -Aittsfactory iz-Aez of protein

status in general. -&his is believed true becaiuse the serus protein

concentration does not alwnys accurately denote either the protein

concentration in the tissues or in tho circulation. The body zealously

attempts to caintafr. tMe concentration or sorum protein at smarly

normaal. level at t.-e exgense ot tissue proteins. Data conceruing the

protein concentmrat#;- in the blood or fr03tbtU~ casualti*Woes Cot

i ° ":: 9'
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found in the literatuare.

II. I.!.f O

The protein survey followed was that of Wolfson and co-

wor~kers (4) as described by Consolazko Pt al (5). IM. following

procedure was used in this study. The total. protein, albumin,

total globudin and the 41pha globulis, beta globulin and eaiea

globulin fractions vere e oarawed by precipitation and measured

colorimetrically in a tColer'. spectrophotometer by the addition of

an alkatlnc copper ,ulfate reagent. (biu•et) which produced a bluish-

pirple color. A 28.% .odtun sulfite soluton wa3 used to precipitate

t"e total gtobuLin, 23% edotum .;,ltite to precipitato the beta and

pgamt &lobulin .n.1 .Y.3% .*aroniu-a .:ul (ate in 4% saline to precipitate

thd waa globulfii frAqutio. A .1% S.il-ether sol.ution was used to aid

in separating the tot&l. e,-,b~al.in p-'-;e.ppitat e -rCa the centrifugate.

Of theci si;x valuen the t.)tal protorii, aibiuin and gvc, globulin were

measuredt directJly. The othert three values were calculated by dif-

ference.

Ninety-nine s•.mplei of sertv, were anaJ4,..sd in duplicate. Tle

rican of the differen,:es b.,-.wecu the duplicate v~xlues was 2.4%0 in the

ca?.e of total protein and approxi.ately 31 for aolbumin and gar=a Clobultn.

The vzriation3 in the alpha globuJlin and beta globulin fractions,

and r•equently in the total 1,obuun, wee !hi;tiher because these

tra'•ctie3 were .easured as the differences ot" the other larger com-

ponents. The values were ccrnvertchi to grar-3 per 100 cc. of serum

by reans of a stan.Jard curve made with a sa=Fle of caoereial iftman

Serms Alhv,-.in, 25 fr-.ms per 100 cc. Wticih is norrally used for therapy
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at am~ hospitals. Points an, the prepared cumv wee rifted In

this study 'ythe Kicro-Kjeldahl method.

Three hundred wan eight patientsa were studied as follows:

1) The tasting sera of 262 frostbIte patients were

examined within the first 148 houars after admission.

hong these were 51 study patients fren those sera

additional detertdrations were made for a period of

more thani one month. From three to seven determina-

( ~tionnt were made for each study patient.

2) In addition, 1,6 other study patierts tho Wa been

hospif-ilized for periods ranging fmo I. to 8 weeks

we~re also 5tlidLed s,!rilaly, although no t-.sts were

pcrotT¶-d at time' of admission.

3) The total Protein content of the vesicular fluids

of2 Ateicrts was determined conem-itantly with

%he fasting, n.ertr proteins. These spes wc re

jvyni~d17 obtainei withdn 44 hour~s after adalssions

(_-, .,. :..

( Tie mean p~rotein values for 262 patier.t3 on their first day of

hotpi halizatlon are Poin In tae 1ep and Flcures 1 throuuh 7.

in spuite of the fact that. ths data were -bt~iwd rrm soldiers

with froM;bltn, thr .;1Ands W.re. estentlall,, normdia accor-lo: .to the

ranger..;ot a ro.- thi noltod by '4olfrin, et al (4.) and cw.Xrft1e

f.)orably wi•' tiotels data in the Lterature for rp.-at . civileiare =4

r~illitary (6) --~ oduita obtal.!!~r t..i U*aro-Kj-.1dxhl x.-t~ ele.~-

Thia jthse:c . 1A)t st0.y tie.ts t rc m l.boratorleas

of to-l ,,rotuin det more *nt:.0 !Ae *r pero oJ , , .cc.,
a !.rre th ,ne 0onth. rtte -V

(verifoA bý j.-. r-2.ho
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PMTUN LEMV 00 FASTD S•U OF
262 MMITE CASUALTI.

Fraction Mean DeviatLo .
Total Protein 7.30 zs/lO0 cc. !0.5

Albumin 6.63 gma/lO0 cc. !.D373
Total Clobul:n 2.66 Ms/10O cc. !0.57
Alpha Globulin 9.21 _ :3.664Beta Globulin 10.83 ,377

, Globulin 16.+31 13.461

Se• of Total Protein .

trophorettc methods (Table 2).

In -cpar1ng" the White and Negro pitients, tatist.c-U°

saignficant differences between tha respective means of total protein,

albmin, total globulin, grnw globulin and the A/a ratios ware found.

The signifiiences or these difrerence. as calculated by the Fiaher ft

test. are prevv~nted in Table 3..

It is to be noted that an averageo A 9.6 days 1Id .Iad

C +Crc the time the ca+'alties left the front Br."s until they were

admitted to the hospital in Osaka, Japan. The ttin Vmt-Injur.

Stht 63 White and 52 Negro patient.s were admitted to Osaka ALny Hospital

averaged 10.9 and 8.5 days reapectively. ,o data were available

relative to the blood protein levels of casualties Jz"acdiately after '

incurring a dold injurr. [t is therefore of interest to follow the

S... protein lcvcls of the patients during their ho p•iliation.

Serial detemirstions of the six protein fractions were tade on the

sera of 97 study patients. The mean protein values of the anallsds
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NO. or Standard.

[Al bu mas Ir n~~~ Wht 12-.9 1.6 .9 .
'C .....jo _j._1...

To:a M" n itst 1260 2.45 1 0.46•1 /.7 .0

1 P

%m06un ,'nIht*e 1260 1469-7a 2.36 -M 92439 <.01 "

P'o t I10 lo Ul i te 1326 1.• 47 0. 6 .731B <0

0" I6 1w 0§)•• ,1e.•69-• 1
radeen i foutn a f nhd -o tn are -

otlrioto in btdte .AO 7.16 ± 0.31ý 9

_______"c- e 2~t. 12.•A I + - -•

- Ž~r~ ..i- •

mode en thw fourteenth and thirtie U A ,y o f hespt•aliatihs arAte ii'

]in Talbe 4,

The pro.2in levels ore th veildar fluidi of 26 patients .t 5).

tranied frcti 2.0 to 1..9 Rr.--. pef 10) cc. The mean total proteinte

of the vesiculsr flud 6-11 6). 1 A an3 jo.ir 100 c. a2./.9. Theah

[ " ~~vesicle fluid was obtained tider asept'tc tcchn-que fron in"tact "

blisters 3 t~o 15 da~ys .rt.,•r inju~ry. .•a significant coefficient of"

correla~tin tes to'•nd between the ttl prot.ein of the sera and the..•.

vesicle f'luids tor these 26 patients (Table' 5). -,

51inil~ca.dt dtftrereTnc#.s w'erc fo~und between Ut. means of certain

proteizi 'raection•s of the .i'ers for" the ditr.rent de•*ree3 of frostbite"'."'.

incturred (•'-bles 6-11). A~lth:ough the r::ns calcuiat.-d for each -'

degree of frostbite were a&l vithin th.i. norr-., range a slight rise

was noted in oll or the jlob',li1n fractlens with Increased severity

1049



TABLE 4

N= PROTEM LEMS FOR 68 F.03,%XTK PATIENTS DIR2U.

ACOORDING TO RAME AIM DAY OF HOSPITAL.IZATION

- o joetialization in Osaka
Total Protein 1 1 14 a 1 30 Dae

Fractions Race Tete Me&-% Tested Mecan Toid Mean

Total Protein White 21 7.2.E31 7.24 20 7.41

UbAlb n U'.iit6 21 4.76 31 4.81 20 4.92
~LCOcc. l30'o 4.5 3 A.53 22 1 .63

Total Globulin V lhite 21. 2.5c4 31 2.56 20 2.57
__z L~.0 cc. 11" , _2_ 37 2.92 22 2.•.
Alpha G-.cbulin '11 Wi te 21 10.0 I31 10.0 20 9.0

t. f Tot-zi Protei In~r *t _J 10.01 37 10.0 22 10.0
Data Globulin U1.hite 21 U-10 31 10.0 20 9.0

f/0 12.01 37 2.0 2.- 1.2.0
Ga=z.x Globnulin I U01 2 15.0 31 15.0 20 15.0

if frostbite, while thi. albuin level dropped and the total protein

remained relativelf ccnsta-nt. Statis-tica 11, -the means of the al~unin,

lobulin, betA globulin and gaaa globulin ofthe patients with

(iret, second eand third degree frostbite wnre not significantly different..

11o-. ver thn mean5 of the albiumin, alpha globulin and 'gammaa globulin

fractionni of patients with fourth,,degree frostbite differed signifi-

cantly frar, the corro-spondirg. values Of patie"ts with a less severe

degree of frostbite (Tacle12). A signifienrit difference was noted

between thn total protein of patients with third degree frostbite as

compared with first degree cases (t-2.6145, P <.01).

Blood doimts deze nade on all adrissions. Ho o rearkable ab-

normalities were noted. The distribution of hT.seocrit values was

normLL (Fi~gure 8)., Fiour hundred seventy-eight patitents were examined

and a mean of 47.2 wis found. The range was fromi 35 to 55 with 7"

of the values falling between 43 and 51. Sunder11. (11) gives the

1050
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W. "OMMrriAu or 7OTIL PROTEIN vAnWs ix =A Cr
26 PAT~iLS 33 AIX fiDM.lCE WI1TH TU TTUA
PROW!I' LLIMS IN TIMtf =?I=JAh Fulm

ToA SobW Prn otein Level-
at Time of Admidssion Total Protein Ins

Case to Osaka A-., lPospital fasip-mlar Fluid
_l~br L)cc. #inSAOD cc.

50 6.7 7A
51 6.1 14..s

-- 52 6.8 5.7
54' 6.7 2.0
55 . 7.3 ).
59 7.3 .500
62 8.0 5.6
63 6.9 5.0
61, 707 8.6
67 7.8 5.8
71) 8.6.5

73 . 7.9 6.4

74 7.1 i.l

7.4 5.1

91 .7.195

97 6.1.6.
99 6.9 S.6(101 6.7 5.1

1.02 6.8. .
102 6.8 64.
109 7.0 2.2

Mal1 7.0 6.2
1599 7.2 .

nrto'ai rar.,; of*rac as 409 to 5.. '-%ee was ~o diff ermtn' betweer.

the ea of Lhe `Alit,: Patier a.;"#d Ne.-o0 ,t-AIr'm. Crinc-i for

Cravity and a rderoac-cpi :* zat of a.c' Jvdrcnl. of U!.e ctn9.r1.

fuj,,eu cample vusI don-. :. rL.ncs we-e tourul.
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47

MW 7VIA.ft- 1 PTEIXFOR ' . OF- FRS-

Decvr" 'ian Towa

IX JO/C ~ ,evl.tlon _

14 j 7.22 0.528

Third 77 .39 O-4r

LKa IM .4=UZ{ MF~ 269 CASES OF MsraIT
&W~)RDIn3 TO IJMr=- OF l."Z.!

Degree ?Yean Samr
of No. of A1bi-in Standard

First .1 1) 4.7J O.± ZL
second A 12 i 4.65 1 0.321
Third ? 2 4.63 .103
Fourth 1- 4.17 1-5

TA1312 8

WCAN ALP:Li GWELUUH FORi 2'4 CA5S! CF FMIBM~

Pagree '4eaui KFA4.
of NJ. of StaLrd.Ird4

!n l u"v TzeaFi In W r. ~ on-

First 30 8.8 ± 3.56
3econd 141 8.7 ± 3.39
Third 72 9.4 .±3.48.

Fourth 25 10.4 ±3.72
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- . . ~ - . . - -. -..o o-.....- . . ..-° ° . . .:%,% -° "- -. ; -" 4-.'• '- .• -

- .... ;±± * . -..aS r -

mz-. 9 )

S.,InA cwvL:i izmR 272 c.•s.en orP Iw?I) zlC"".:
/ . . ... 27-

ACCORDIM5 TO BRSO NU

Aegreo. I Men set&
of No. 01 Globulin Standard

Ckm 9e ~of Tot~al Poen Deviit~vv

First 31 101. ±2.63
Second 1 20.8 1 3.63

Thir 11.1 ± 3.26
Fourth. 25 12.2 -3.-7

"T&M2Z La .- :.

IHE CMO(A .,-s'bUU "R 141. tiTIEZ PATYIENTS
£CO')RDM •IN . JFZ ' 0F INJURY BY FIROSWT...

mean CiA=
of go . of Globulin Stamurd

In:~' chnes c- ?nt-l Protein DW-At'ar

lint 13 13.9 ±2.7,Second 17 14•.7 -•2.91""""

,btrd $ ; .1 3.8 ± 2.-1Iou• 18.8 ± 2.62

'FAELS. U

Nk:A~i GA"4A '*~1Kn:129 14M4PAWTS
ACXLW c IA f,ým OF INJURY BYF1MSTBI

-- **,,--....

r Dogr mean Gama
le ! No. 0r Mloblin Standard

C-~1 CS fC .ttpoe .3-
SFirst 1 711 ±2.89.•,•• 9 17.1 .9 % .

Secorn 67 18.2 1 2.90
Third 42 18.5 ± 1.02
Fourth 11 21.0 2.9.



TABEJ 12

SIGNJIFICANCE OF DIVF1E1CE

OF )MFNS J!w19 TABLES 6-11,

Fourth Degree Fourth Degree Pourt~a Degree
Serum VS. V84 va.

Protein E11:-. *Degree Second Dere Ih Degree
Fraction t -~ P t P t p

ýTotal Protein 0.7511 >.40 0.1,09 >.60 0.786 >.40
•Aburdn 5.183 <.001 5 4W4= ... --

A o i 1. 5•12.0 - =

Zda In. 1.981 >.05 1-7)7 >.02 095 ______

I aldte 159625 '<.001. 4-40~9 <-003L 4.10 < 00
GmaGlobulin

N~egro 3.058 <.01.l 3.061 <.01 2.601. <.02

G

IV. rosuaSSIOM

No statistically significant change in any of the protein fractilon

1 noted during the 4 iweks. of observation. this indicateA that~ the

protein requirements for these subjects had not only been adequately met

just prior to reaching Osaka, but also during their hospitalitatioli.

It appears, t2herefore, that the protein content of the diet,' preacribed

for army hospit.1sa is adequate for convalescence from frostbite. No

values wcre obta'iied from oithnr healthy honspital personnel. or other

soldi~ers ret 'med frem Korea wi~th which the frostbite data could be

cempara~e A u--.p ;W.0 soldiers on field Yanretvors In Colorado had

a r-Ange of 5.8 to 7.0 grams of serum protein per 100 cc. during~ the

st~er mcnthc and 6.2 to 6.5 grons during the winter. The racial dif-

frrence3 found amone tiso hospital patients were -rimlar to those found

in studies of noriial healthy males in North Carolina (1:') and in a

rural population of Tennessee (3). Youmans (3) ,AIIhaiZed that, since

the total protein is the sum rthe toalbin nd glob, lin f-actions,

o a.t A.

s , ,, , .... # , -A
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It is possible to have a low albumin and high normal globulin giving

b*a boreal total serum proteins Ho fond that 9% t hie subjects had.
bypoalbiminenia but that 89% of those had normal total sertm proteins..""

7ow.=ans found no correlation between the level of serum albumin and

the intake of calories, total protein or animal protein in the civilian

popplation be studied. However Karkcet &1 (13), studying United

States, Lndian and Burmese troops in the tropics, found a "reasonable

:orrelation" between the serum protein levels and the protein intake

* of these groups. Globulin is relatively much less affected by nutritional

deficiencies thani albumin but, on the other lard, is more affected by

such factors as infections. Peters and Ziserun (9) found that during L

the winter months high globulin values seemed to be more comon among

Cimnecticut. subjects. They postulated that t6!e high values were probably

due to mild respiratory infections prevalent in that climate and during

tVta season. Since therA were no appreciable !:condary infections or

complicat.ons other than frostbite among the subjects of this stud-y,

it was felt that this factor was negligible.

No satisfactory explanation could be found for the significantly

loier-albunin and hirgher glob'uin values present 'in the sera of fourth

degree frostbite patients.

The protein levels of the vesicular fluids wevre slightly higher

than those found br Orr and *L-m.si: (14) in three frostbite patients

din-in; the winter of 1950-51. Similar values were fou~nd In human

,'.-Ne.: b "CYor=.ableat (15), Ltstig and Nassau (16) and by Harkins and

Harmon (17) In blisters both naturally occuring in disease and induced .

by cantharldin plasters.

V. 5.n4.JaI AnD C S•Ol!%S• "•':

The levels or'" this sermn protein fractions were determined for



• I ! ! ! ! •

trOtbit. casualties Occurring In gore& during the winter of 1951-P2.

The sors Protenn fractions for all pae.init. studied were within

Uzmal Hittte. flove'r, a etatIstical2.y significant difference was

found between the swam protein levels of White azrd be~gr- ubject..

Use total protein, a!#Asain,, alpha globul in., bst. SlObUlin sand SAM&

globulin were found to be .ssentta.. norma Y.n the "ty of -'ssion

to Ume hospital arst weet amchu-ged When ;iwh,1icked on the fourteenth

wAn thirtieth day of hospitalisAtion. The fact that these various

cprotein fracti~ons were c~intaino.-A at esseutia~lly normal level, I&-
dicated that the proteirt content~ of the diet was adequzate. 114j-*.**fica'

qs! Pfarences were fowitd bet'tni the "4n of the albumin, alpha giob.;Un-

.- d pvwaa glob~ulin fractions vidien comparinag fourth degree cases with

kasiq saveroly frostbitten patients..

The total protein of thow hUster fluids was ceuupared with the

*pr'otein l'mveL4 of the correspondting sera. Although some very high

Value~s vere obtOt-0 -Ib protein content of the blister fluids was

In zit. case-w io%-er tb.-n that of the sera.
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